
TACTICAL BOTANY 
FOR BEGINNERS 





F. 0 \HOWER, ScD, F.R S., 


M ML T i'KUl 1 SSOj. wi l*01\NYl\ I HI (H 

I) T. GWYNNE-VAUGHAN, M.A„ 

AsslsfAM IN I.UIANY IN JIIL UMVLKSllV 01 OLASI.OW 



Honlion 

MACMILLAN AND CO., Limiied 

NEW YORK - IHE MACMILLAN COMPANY 

1902 


rij;/Us f(,iervcJ. 



RiCHAKU C I ay As1> S»»\s, I imiied, 
L(>\1>0\ A -vli JJL sc, \V 

/« !>s/ / lildov , T V ,4 

Second I diUotiy Kycj. 



PREFACE TO FIRST EDITION 


Thi^ little book contains, in an abridged form, the 
elemental y and more essential parts of the text of the 
larger Course of Practical Instruction in Botany. It is 
believed that beginners will find the directions sufficient 
to guide their fust steps in laboratory work. The abridg- 
ment has largely consisted in the excision of supplementary 
descriptions of forms other than those which have been 
Selected as the main types - in so far as that is the case, 
the publication of this book may be thought to encourage 
g narrow style of type-teacliing. 

'rype-teaching in Biological Sciences appears at present 
to be inevitable in elementary classes, it lies chiefly with 
the teacher to avoid the evils which are apt to arise from it. 
In order to use this book with proper effect, his knpwdedge 
should extend far beyond the area of the work here speci- 
fically described, and the larger edition may help him 
towaids this end. By grasping every opportunity of com- 
parison of the type selected with allied forms which show 
differences of detail, he will tlw-n lie able to guide the 
pupil to distinguish essentials from secondary details, and 
to check tlie dangerous tendency of beginners towards 
generalisation from too limited an aiea of fact. 

y . O Bowfr. 

Glasoow', H/inl 1894 



PREFACE TO SECOND EDITION 

Wk have found that tlie progress of Botanical Science, 
and especially of its terminology, has made a revision of 
this book necessary • accordingly we have endeavoured to 
bring the text up to date as regards terms, and at the sami^ 
time we have rearranged the material, and introduced some 
additional examples, especially among the Flowering Plants. 
We believe that the book thus amended will serve belter 
than before as an introduclion to more exlensive ‘•tudy. 


Glasc.ow, February 1902. 


V. 0. B. 
1). T. G.-V. 
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PRACTICAL BOTANY FOR 
BEGINNERS 


The following ts a list of apparatus required for ordviaf^ work 
VI the botanical laboratory The articles mkrked with an 
asterisk are absolutely essential to successful nwrk* 

1. A pail of fine scissors with shar]) pointb, 

2. Fine-pointed forceps. 

*3. One or more good rasors (see p 7), and a sliop and 
•one for '^arpening them. 

4. Scalpels' of \ arious sizes • a fir^ cye-^lpel v\ ith a long 
nrrow blade will be found to be very useful. 

5. A section-lifter. 

*6. Mounted needles. 

*7, Several fine camel’s-hair brngbes. 

*8. Watch-glasses of various sizes, flattened at the middle 
the convex side so as to stand steailiy. 

*9 Glass or porcelain ointment pots, with lids. 

*10. Test-tubes and beakers, 
n. A spirit-lamp. 

12. A black enameUed tile for mounting on. 

*13. Glass slides, wlthtground edges (3 in. x i in.). 

*14- Thin cover-glasses, square or circular in. diapieter). 
*15. Blotting-paper, cut or torn into small pieces. 

*16. Drawing-paper or card, with a hard smooth surface, or 
note-book of such paper, without lines. 

% B 
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*17 Hard pencils (H. or H.H.H.) and india-rubber. 

*18 Gummed labels (1 in x | m ) for naming slides. 

*19 A coarse duster, and a finer cloth, an old pocket- 
handkerchief 

20 A rack for keeping slides temporal ily, and a bell-glass 
to cover it. 

*21 A. simple lens. 

*22. A compound microscope. This should be one of the 
smaller 4itands with a short tube such stands of varying merit 
aie to be obtained fiom most makers. The microscope should 
be provided with— 

■^i. High and low eye-pieces: the longer is the lower 
pow er, the shorter the highei . 

*ii. Two objectives, the lower power of about 1 inch 
focal length. The higher about one-sixth inch or 
<l|tai>eighth inch focal length, 
rij. A mi«|ttneter, either adapted to the eye-piece, or a' 
stage’ micrometer. 

iv. A nose-piece to carry two, or, if necessary, more 
objectives : its use will save much time. 

V. A camera lucida for drawing. 

*23 A ratsk or tray hold small glass-stgppertd bottles 
containing rMg:e 4 |)i : the following are the reagents which are 
in most consmpl: use— - 

%. Weak glyeeKne, ie. Price’s pure glycerine diluted 
with an equal volume of distilled water. 

Caustic potash ; Ifiake a 2 per cent, solution of the solid 
sticks of caustic potash ih distilled water, and filter. 
Acetic acid : onf volume of glacial acetic acid is to be 
diluted with 99 volumes of distilled water. 

*</. Iodine solution : this may be obtained by diluting the 
> 4 iquor iodi of the Pharmacopoeia ; or as follows : 
dissolve a small quantity of potassium iodide in 
distilled water, and add crystals of iodine : if the 
solution be too deeply poloured it pi^y be diluted 
with distilled water to the colour of brown sherry. 

*e. ^hior-sinc-iodine (Schulze’s solution) may be, pur- 
chased ready prepared from the dealers in 
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micro-chcmical reagents ; or it may be prepared as 
follows -- 

(1) Dissolve HO grms. of zinc in 300 c c. of pure 
hydrochloric acid, and evajjprate to 150 c c, (sp. 
gr. about r8). 

(2) Dissolve 12 grms of KI in as little water as 
possible add 0 1 5 grm of iodine, 

(3) Mix (i) and (2), and filter, if necessaiy, through 
asbestos. The solution should have a dark 
sherry-brown colour, 

SoluJtjon of aniline chloride; a saturated solution is 
made in distilled water, filtered, and a few drops of 
hydrochloric acid added so that it may give a 
distinctly acid reaction. The solution should be 
colourless. 

A solution of common salt; a 5 per Qent. solution, 
uc, 5 grms. of salt to 100 c.c distiUld water. 

Many othei reagents besides these will be required for the 
work described below ; also substances for permanent mount- 
ing and seahnp up of slides then jireparation and uses are 
detailed in the Appendix A. , 

C.ire should^ be takep m the preparation of the reagents . 
they must be ^tept pure, and should be renewed occasionally. 
Glaaa roda with rounded ends are to be used for removing 
drops of the reagents from the l>ottles to %he slide, and the rod 
should always be tleafised before dipping it into a reagent bottle. 

*24. Two waah-bottiea such as jire in ordinary use in a 
chenpcal laboratory, the one should contain alcohol (methyl- 
ated), the other distilled water. 
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A . — Afaking Preparations 

I. Preservation of Material. — In many cases it is possible, 
and even prj^erable, to use fresh material, but it is often 
convenient to keep it for a time, since many of tlie specimens 
required are only to be obtained at certain seasons of tlie year : 
the best liquid for this purpose is ordinary methylated alcohol, 
in such quantity a$ completely to cover the material. It must 
be remembered that this will extract the green colouring matter 
(chlorophyll) from the material immersed in it, as well as resin 
and other substances. 

II. Hardening.— For the general study of the histology of the 
mature parts of plants, it is often unnecessary tp^, harden them, 
for the tissues are usually sufficiently firm to admit of their 
being cut satisfactorily. In the case of young, or of exclusively 
parenchymatous tissu^ especially those of non-vascular plants. 
It is necessary to harden them, and for this purpose alcohol may 
be used. 

When it is desired to study the structure of the protopHsm, 
and of the nucleus, special methods must be employed for 
hardening them, or rather for fixing them as nearly as possible 
in the condition in which they are during life. For this 
purpose one or other of the fluids mentioned below may be 
used- Care must be taken that the, objects shall be of small 
size, that the quantity of hardening fluid be large relatively to 
the bulk of the object, and that the fluid have ready access to 
all parts of it. Large objects should be cut up ittto pieces of 
moderatl^e, so that the reagent may readily gain access to 
all parts of the tissue. 
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The following are the best fluids for this purpose 

r. Absolute alcohol or methylated spirit. 

2. Picric acid (saturated solution in water). 

3. Chromic acid (o'l— o 5 per cent, solution in water). 

4. Osmic acid (’i — r per cent, solution in water). 

These 'reagents are only to be applied to fresh material. 

When absolute alcohol is used, the object may be kept 
in It for an indefinite period. Such treatment generally makes 
the object brittle ; this may be remedied when the object is to 
be mounted in glycerine by placing it, for at least twenty-four 
hours before it is to be cut, in a mixture of glycerine and 
absolute alcohol in equal parts, leaving it exposed to the air 
so that the alcohol may gradually eiaporate. The glycerine 
slowly saturates the object and restores its toughness. This 
can only be done when the sections are to be mounted in 
glycerine. 

When picric or chromic acid is used, the object should 
be immersed in it until each part of it is thoroughly permeated 
by the reagent ; the length of time required for this I'aries with 
different material, and in the case of chromic acid, with the 
strength of the solution used, from a few minutes to twenty-rfour 
hours or more. The objects must then be washed thoroughl)^ . 
wath water : they are then to be placed in dilute methylated 
spirit (50 per cent,), subsequently in stronger spirit (70 per 
cent.), and finally in absolute alcohol or strong methylated 
spiQt, which must be changed so long as anv colour is still 
extracted from the objects. They may be preserved in this for 
future use. 

When osmic acid is used, the fixing effect is produced much 
more rapidly ; in the case of simple structures, such as unicel- 
lular or filamentous Algm, a few minutes (5—15) generally 
suffices ; in the case of more complex structures, such as ovules, 
sporangia, growing points, &c., the object may be left In ffie 
acid till it J^ooks black on the exterior: it must be then well 
washed with dilute alcohol (50 per cent.), and left iu it for some 
time, and be then removed to 7o*iper cent. The Irafons are 
best mounted in dilute glycerine. In some cases osmic acid 
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produces an excessive blackening of the cells, which can be 
removed by treatment with chlorine-water. 

Of the hardening reagents above mentioned absolute alcohol, 
methylated spirit, and picric or chromic acids are those most 
generally used. 

III. Cutting Sections. — In ordei to investigate the strucluie 
of the tissues of a plant or member, it is usually necessai y to 
cut sections, i.c. thin slices, in various directions. To make a 
complete study of a solid mass of tissue, sections must be 
cut m three different planes at right angles to one another. 



Taking the case of a cylindrical stem, the best way to study its 
structure would be to cut — 

(i ) Transverse sections, in planes at right angles to the 
organic axis. 

(n.) Radial longitudinal sections, in longitudinal planes 
including the organic axis 

(iii.) Tangential longitudinal sections, in longitudinal planes 
which do not include the organic axis. 

This may be illustrated by a diagram ( Fig i), which may be 
taken to represent the transversely cut end of a cylindrical stem, 
the tissues being arranged with reference to a central point 
(e) ; transverse sections are those which are in transverse 
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planes, parallel to the plane of the paper in Fig i. The line 
including the central points of successive imaginaiy tiansverse 
sections is the organic axis. 

Radial and tangential sections are both in planes vcitical to 
that of the paper in hig. i a radial section (a e b) includes the 
organic axis (e), and a slice of tissue thus cut when examined 
fiom a direction indicated by either of the arrows (a) will show 
in surface view those cell-walls which run radially a tangential 
section (c d) does not include the organic axis (E), and such 
sections when examined from a direction indicated by the 
allows (y y) will show the tangential walls in surface \iews 
while the radial w'alls, previously seen in suiface view, would 
present their cut edges to the observer. 

In the case of tangential sections only the central pait of the 
section (lc the part near to y y) is tjft. be examined, for ob- 
\iously in the more lateral parts of the section (c D) the radial 
lines are not cut vertically but obliquely. 

In all cases the sections must be cut acruratel} m the plane 
intended : if the sections be cut obliquely the difficulty of 
understanding the structure will in almost exery case be 
enormously increased. 

A razor of good quality is the be^t cutting instrument : there 
IS some variety of opinion as to the best form of blade ; some, 
prefer a hollow-ground razor, which, though well suited for 
cutting small sections, wall not serve for sections of large area ; 
for such work a razor with one flat side is recommended. For 
general use, not only m cutting small objects and soft tissues, 
but for the every-day w’ork of the laboratory, an ordinary, very 
slightly hollow-ground razor of good quality wall be found the 
most useful. The razor should be stiopped to a keen edge, 
and the blade should be carefully protected w'hcn not in use . 
It should never be left open on the work-table, and the blade 
should always be cleaned after use, since the acid juices of 
plants are apt to con ode it. It will be found convenient to 
have a glass of water (or weak spirit when resinous tissues are 
being cut) on the work-table, into which the blade of the razor 
may be plunged at once after use.^ this will prevent immediate 
corrosion. 
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The success of work m the laboratory depends very greatly 
on due care in the direction of section, and on the condition of 
pie edge of the razor. 

’ All the sections required in the succeeding pages of this 
book can be made by hand : elementary students are advised 
to avoid the use of a microtome ; they should cultivate that 
small amount of manual dexterity which will suffice for the 
successful preparation of such objects as will be described 
below. 

When cutting sections the object to be cut may be held in 
the thumb and first finger of the left hand, while the razor is 
held firmly by the right ; The edge of the razor is not to be 
rudely forced throug’h the tissues of the specimen, but a sliding 
cut IS to be made, thus using a considerable length of the 
edge of the razor . in this way a smoother surface of section is 
obtained, and the tissues are not displaced as they otherwise 
might be. 

Care mmt he taken to keep the object and the razor wet 
during the procc'i'^ of iutting^ in order to avoid the entrance of 
air into the tisi^ue, and to prevent adhevon of the section to 
the razor. When fresh material is cut, water or very dilute 
alcohol may be used for this purpose, but if material which has 
been hardened is cut, it is advisable to use alcohol of the same 
strength as that m which the material has been preserved 

IV. Embedding. — The objects are frequently so large that 
they may be held in the hand whilst they are being cut. If 
they are too small for this, it is convenient to embed them in 
some substance. 

The simplest method is to fix the object into a slit in a piece 
of pith. Dried clder-pith is the best, and it may be bought 
ready prepared from the dealers. 

When the object to be cut is small, or easily damaged, it is 
more convenient to embed in some easily fusible substance ; 
by this means also the form of the object is less likely to be 
distorted in the process of cutting. Various substances, or 
mixtures of substances, are used for this purpose, of which soft 
paraffin is perhaps the best. Samples of paraffin which vary m 
hardness and melting point may be obtained from the dealers. 
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The ordinary method of embedding is to make a cavity in a 
>iece of the substance sufficiently large to contain the object, 
vhich, if fresh, must have been previously washed with alcoli«l 
o remove all traces of water from its suiface. If the object had 
icen previously preserved m alcohol, all superfluous fluid must 
DC removed from the surface with blotting-paper, but care must 
be taken that the spirit which permeates the tissue shall not 
evaporate. The object is then placed in the cavity, and with- 
out unnecessary delay a small quantity of the embedding sub- 
stance, melted over a spirit lamp in a small tinned iron spoon, 
is poured into the cavity so as to surround and cover the 
object. 

If the object be small, it will be found convenient to heat one 
end of a thick copper or platinum wire, and with it melt a small 
cavity, in which the object may be placed in such position as 
IS found convenient. 

The sections must not be made until the paraffin is quite 
cold, and firmly set. 

It is important to keep the embedded objects wet with 
alcohol during the process of cutting, in order to prevent the 
drying-up of the object, and its consequent contraction away 
from the substance in which it is embedded. 

The sections when cut should be removed at once to a 
watch-glass containing alcohol or water, by means of a camel’s- 
hair brush, or a jet of alcohol or water from a wash-bottle . the 
thicker sections iijay then be removed, and the thinnest ones 
selected for observation, 

V. Mounting Objects. — Various specimens, whether sections 
or objects which may be examined whole, require varied 
treatment, and the common methods in ordinary use will be 
described below, and illustrated by experimental exercises (see 
pp. i8, &c.) ; meanwhile a few practical suggestions will be 
yiven which are to be observed in all cases, whatever the special 
method of treatment may be. 

1. Study to avoid all unnecessary manipulation of specimens; 
never apply a reagent at haphazard^ but only when you have a 
definite purpose for doing so. 

These rules apply specially to staiping reagents, which 



should only be used when their assistance is actually required . 
the primary end of the anatomical investigations detailed 
below is not to prepare a number of objects pleasing to the 
uneducated eye, but to gain a knowledge of the structure of 
the plant-body as it is in the living state, and this end may as 
a rule be best attained by the simplest methods. 

2. See that the glass slide and the cover-glass are perfectly 
clean and dry, and show a bright polished surface before using 
them ; they should be cleaned immediately before use, and 
after cleaning, their surfaces should not be touched with the 
fingers, nor should the cover-glass be laid flat on the table, but 
tilted on Its edge 

If difficulty be found m cleaning glass slides or covers with 
water, a drop of weak acetic acid will be found effective. 

3. In mounting, whatever the fluid may be, take only so 
small a drof of it as shall just suffice to fill the spate between 
the slide and the cover-glass, and extend to the margin of the 
center : judgment as to the quantity necessary can only be 
acquired by practice. If too much fluid has been used the 
excess must be soaked up with slips of blotting-paper, or filter 
paper. 

4. The practice of scrupulous cleanliness cannot be too strongly 
impressed upon students as the basis of all successful work with 
the microscope^ and it is m the use of fluid reagents that the 
greatest care is necessary ; if too large a quantity be used it 
IS apt to extend to the lower surface of the slide, and so to the 
stage of the microscope : or to be smeared over the upper side 
of the cover-slip, and i^iay then gam access even to the ob- 
jective ; it is absolutely necessary that both the front lens of the 
objective^ and the upper side of the cover-shp be perfectly clean 
and dry, also the lower surface of the slide and the stage of the 
microscope 

5. Having taken a sufficiently small drop of the mounting 
medium, and having placed the object in it, bring down the cover- 
glass obliquely ufon the drop so that one edge of it is first wetted 
by the medium, then let down the slip gently, so as to allow the 
medium time to spread out under the cover-slip ; this may be 
done either by holding the cover-slip in a pair of clean forceps, 
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or hold the slip by its edges m an oblique position in the finger 
and thumb of the left hand, while it is supported by a clean 
needle held in the right ; then, the lower side being w'ettcd 
with the medium, gradually withdraw the needle and thus 
gently lower the slip It would be well at first to practise thus 
loweiing the cover-glass over a drop of water, so as to acquire 
Uidgmcnt of the quantity of fluid lequired, and skill in avoiding 
the inclosure of air-bubbles. 

6 One great purpose of the above directions is to avoid the 
jjicsence of bubbles of air in the medium surrounding the 
object ; their presence is one of the great difficulties of the 
l^cginncr, who is therefore advised, m his own interest, to follow 
carefully the directions above given In some specimens, 
especially when fresh, air-bubbles will be found entangled m 
the tissues, or attached to the outside . a good method for 
avoiding tlakm m mounting ficsh material is to moisten with 

♦alcohol (weak alcohol will do) for a few seconds before mount- 
ing : by this means the suiface of the object will be more 
thoroughly wetted than would otherwise be the case Obstinate 
bubbles may be expelled by heating over a spirit-lamp , but as 
many objects will not stand such lough tieatrnent, a better 
method is to exhaust them undei the icceiver of an air- 
puin]), 

7 After an object has been mounted it is often necessary to 
apply to It certain staining, or micro-chemical reagents . this 
may frequently be done, without refnoving the object from the 
slide, by irrigation: successive dio^s of the leagent are 
})laccd on the slide, close to one edge of the cover-slip, special 
care being taken that the fluid does not spread to the upper side 
of the cover, while a small piece of blotting-paper is pushed 
up tp the opposite edge of the cover-slip, so that, when it 
comes in contact with the medium in which the object is 
mounted, it will soak it up : the space thus vacated by the 
medium is taken by the reagent, and if the lattei be supplied 
m sufficient quantity, a stieam of it will pass under the cover- 
ishp and bathe the object. It is obvious that for such a treat- 
ment to be successful the medium ,^nd the reagent must be 
fluids which will mix. Students are warned against too readily 
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accepting negative evidence as the result of observations by 
irrigation : the reagent may frequently pass under the cover-slip 
without permeating the object, or the edges only of a section 
may be affected : in order to insure the object being bathed by 
the reagent, it is well to raise the cover-glass gently with a 
needle, or even to raise the section itself slightly with the point 
of a needle. 

8. Never use more than one co 7 >er-slip on a single sli(ii\ 
though several objects may, if small enough, be coveied by 
one slip : the cover-slip should be as nearly as possible in the 
middle of the slide. 

9. Pressure should nen>cr be laid on the cover-slip., except in 
certain special cases : a bad section will not be improved by 
being squeezed fiat, while a good section may be easily ren- 
dered worthless by such treatment. 

10. Before putting a slide aside for subsequent observation 
be sure that the medium used is one which wil$mot evap^te . 
alcohol, water, and solutions in watfir, such as iodine solution, 
aniljne sulphate, salt solution, are all lial)le to evaporation, 
while chlor-zinc-iodine and glycerine are not. 

11. Before putting a slide be careful to label it., writing 
at once on an adhesive label the name of the plant., part, 
direction of section, and medium in which it is mounted. 

V).— Adjustment iff the Microscope for Work. 

Be^re beginning work it should be ascertained that the 
microscope is in good working order : if it be a stand without 
rackwork, see that the stage of the microscope is clean, and 
that the tube moves easily and smoothly ; if it does not, take 
out the tube, and rub it with a clean clbth ; if still stiff, a 

very litde mineral oil or vaseline, and rub with a clean poth 
till there is no appearance of oil on the tube : it should then 
work freely. Nothing causes a greater strain on a microscope 
than neglect of this simple point. 

Next see that the lenses are clean; to this end first dust the 
mirror, and adjust it so as to reflect light through the instrument : 
insert first one eye-piece, then the other : rotate each eye-piece, 
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and if any specks be seen to rotate with it they are on the 
lenses of the eye-picce, and must be removed with a soft 
( liamois leather, or a fine linen or silk cloth (old pockethand- 
kei chief). Carefully examine the front lens of each objective, 
and if any dirt be seen wipe the lens gently with a chamois 
leather, or fine linen or silk cloth. Glycerine is apt to gain 
access to the objective in careless hands ; when this is the case 
the lens is to be washed with a jet of distilled water, and care- 
fully diied. Since the lenses are often fixed with balsam, 
great care must be taken that they should not be smeared 
\\ ith Canada balsam, or Dammar • when this has happened the 
lens should be gently rubbed with a cloth wetted with a very 
little benzol, or alcohol In all cases the cleaning of lenses 
should be carried out as gently as possible, to avoid destroying 
then polish.* 

The besFHght for f microscopic work is that leflected from 
t'vhite clouds iijfea northern sky, and a window with a northern 
iispect should be selected. Never use dinut sunltyhf, and avoid 
using artificial light If the only available loom has a soutlj 
aspect, a white blind is to be used, so as to cut off direct sun- 
light, or a piece of white card may be fitted to the surface of 
the mirror, so as to act as a less pci feet reflector. 

The body of the microscope should be vertical ; with the shprt 
microscopes now in use, the oblique position is quite un- 
necessary, and very inconvenient when mounting in fluid media, 
or irrigating with fluid reagents. 

examine an object vith d low power firsts an(|iaft€r- 
wards, if necessary, with a higher pow'er. It .s a general prindpl^. 
of microscopic practice that observations should be made with 
the lowest possible power sufficient for distinct vision. Never 
use the hi^h power unless the object be covered with a cover - 
dip.t> 

When a low power is used a larger hole ^ the diaphragm 
below the stage is to be placed opposite the aperture in the 
stage ; when a high power is used a smaller hole of the diaphragm 
IS necessary, otherwise the definition will not be satisfactory. 

Some difficulty will be felt at ftest vcifindif^ the focus. There 
are two adjustments of focus— the coarse ana the fine ; the latter 
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IS never to be used until the focus is approximately found with 
the coarse adjustment. The coarse adjustvie^it is effected by a 
sliding tube in the smaller microscopes m general use by students 
having drawn this tube out, screw on the low poivcr objective 
(the one with the larger front lens, focal length about i inch 
from object), then replace the tube so that the objective is about 
inches from the stage, and having adjusted the mirror so as 
to illuminate the whole field, place some object on a slide at the 
centre of the stage ; hold the slide with the thumb and fore- 
finger of the left hand, while the upper end of the tube is grasped 
W,lth*the right ; then slide the tube gradually dowmwards with a 
spiral fliovement until the object comes dimly into view ; then 
begin ^0 use the fine adjustment^ which is woikcd by a screw' 
with a milled head, the position of which vj|*ies in dififeient 
instruments : this head is to be turned so as to lower the tube, 
when the object wall become clearer, and ukima^ely he in perfect 
focus. The focus is to be found in the same wdy w ith the hi^/c 
fioi^er^ but in this case greater care is necessary, since when in 
fpeus the objective is nearer to the object in lateless hands 
the position of focus is apt toi-be over-stepped, and the objective 
adv'anced so as to touch, or even crush, the object ; ////i ts to be 
care^Uy avoided^ as it not only damages the object, but may 
alsp ruin the objective. 

When the focus has been found, the fine adjustment is to be 
Vorked constantly up and down by the right hand during obser- 
vatipn ; by this means a series of optical sections of the object 
iSi;fbro^ght successively into view, and in this way the observer 
up mentally a conception of the object as a solid body. 
In so far as an objective lends itself to this it is said to possess 
good penetration. Meanwhile the forefinger and thumb of the 
left hand will be at liberty to move the Blfde on the stage so as 
to bring into the„fipld of view different parts of the preparation. 

Observers shf^3 accustom themselves to using both eyes 
indifferently, and wlien one eye is being used for observation, 
the other should be kept open : a little practice will soon over- 
come any difficulty which may be at first found in doing this. 

Care is necessaify jn remcfing the slide from the stage, 
especially when themigh pqwer Ifes been used : in this case the 
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tilFe should first be raised so to remove the objective from 
close proximity to the stage, and the slide should then he slipped 
off the si age ^ not lifted off Want of attention to these points 
IS apt to result in smearing the objective with glycerine, or other 
media. 

Drawing: from the Microscope.— Nothing compels attention 
to details of an object so successfully as drawing it ; while, as it 
IS impossible to make a drawing of an ill-prepared object, the 
intention to make a drawing will have its effect upon the care 
devoted to preparation and mounting. It should be a ride for 
students to draw every object they obierve^ not merely iiMr the 
sake of the diawings as memoranda, but m older to acqitir^ a 
habit of close c^servati/in 

For drawing, Ahard pencil (H M H ) is recommended, and it 
must be cut to a fine point : papci with a haid smooth surface 
IS to be used, or better, a thin diawing card or Bristol board 
'With a hard stifface. A decisive style of diawing 'should be 
adopted, in which every line is clear and conveys its own 
meaning 

For ordinary purposes a freehand di awing w'ill suffice, the 
s( ale being as nearly as possible that of the object as it appears 
under the microscope, or larger, if the object be a complicated 
one , w'hatcver the scale, the proportion of the several parte is 
to be scrupulously followed Coloured chedks, or better, lighf 
washes of water-colour, may be used for distinguishing tissues 
of different character, and in making a series of drawings 
the same colours should be assigned to con esponding tissues 
throughout the scries. » \ 

When drawing cell-walls of appreciable thickness, they 
should be indicated by a double line ; solid bodies should be 
shaded so as to give^ the idea of light coming from one side, 
and in a series Ctf drawings the side selected should be main- 
tained throughout. 

Measurement of Objects — Measurements may be most 
readily made by means df’^.n eye-piece micrometer, which is a 
glass slip, fitted into the eye-j»iece, and having a scale engraved 
upon It. The value of the divisions oi^this scale vanes with 
the combination of lenses accordingly, before the 
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micrometer can be employeil*ll11 the actual measurement ’oi' 
objects, the value of the divisions must be determined for each 
combination, and a table of the results should be kept for 
reference in the case of the microscope. To determine the 
value of divisions of the scale under a given combination of 
glasses, a stage micrometer, haying lines drawn to i^'^jjjths of 
an inch apart, should be placed on the stage, and focussed 
under the objective and eye-piece whose magnifying powers it is 
desirM to measure: the relation of the divisions of the stage 
micrometer (these intervals being of known value) to those of 
the eyerpiece micrometer is then to be noted. Suppose that 
thejnferval between two lines of the stage micrometer cover'^ 
th^ intervals between jr/.r lines of the eye-piece tpicrometer, the 
forniser being y^jjth of an inch apart, the interval between two 
lj,oes of the latter (with that combination of lenses) will coi re- 
spond to sft’g-j^th of an inch, and the linear measurement Of any 
«bj€jct which ■fills such an interval under that combination of 
lenseS will be **^ch. It is usual to state the size of 

o6je<jyts#seen under the microscope according to the Iineai 
measuifement of the diameter. The simpler method of 
mftasijrqment by laying the stage micromelfer inverted on the 
slide carrying the object to be measured, though direct, is 
opeo to many objections, and can at best only be used with low 
powers. 

Z.— First Practice in Mounting and Ohseniation. 

iScfape the freshly- cut surface of a Potato-tuber lightly with 
a Knife, and place a small quantity of the** scrapings iq a drop of 
water in the middle of a glass slide. ’■> 

Mount carefully according to the dire^ns given under head 
(V.) on p. 9. 

Having put on|lle low power, follow the directions given on 
p. 12, &c., for Anting the focus. 

Observe Scattered through the waiter a large number of 
somewhat ovoid, colourless, bright-looking bodies. These are 

starck-arraiiiB. 

Having practised finding the* focus under the low power 
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itvTTeral times, screw on the high power . advance the objective 
slowly and carefully, until the oljjccts come into \iew, and 
observe that the starCh-grams show a stratified structure j 
tlK7 are usually slightly pointed at one end, near to winch is a 
lound clear sjiot — the hilum. These details will be more easily 
seen if a small hole of the diaphragm be used. 

'I’o practise irrigation (see p. 1 1, par. 7), introduce under 
the cover-sli}) a single drop of iodine solution, drawing it m by 
means of blotting papei 

Note the advance of. the pale yellow solution under the covei 
slip, and Its effect m staining the starch blue. 



II 

PRACTICAL EXERCISES ON THE STRUCTURE OF THE VEOEIARLL 
CELL INVOLVING SIMPl.E METHODS OF PREPARATION. 

Before enfering upon fhe ivork described bclow^ the preceding 
pages should be carefully read Ihrough, othenvise the beginner 
will be apt to make serious mistakes in manipulation. 

Note— T he method of mounting fresh material m vvatei 
will be used throughout this chapter : it has the following 
advantages — 

1. It is the simplest possible 

2. The cells are seen unaltered, i.e. in the living state, and 
it is thus specially suitable for observations on fresh material. 

3. When the living cell is thus mounted the effect of any 
reagent soluble in water may be observed by irrigation thiu 
It IS the natural starting-point Hfr the study of the micro- 
chemical reactions of the living cell. 

Itls however open to objection on the following grounds 

1. The slides thus prepared cannot be kept, since the watci 
would evaporate. 

2. The refractive index of water %eing relatively low, the 
objects do not appear so transparent as in more highl) 
refractive media. 

3. Bulges of air are very apt to be included with the object 


I. Take a young leaf of Primula sinensis (common Primul 
of greenhouses) : with a knife scrape off from the petiole 
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iiilnber of the hairs which project from its suifacc ; moisten 
hem with alcohol to remove the oily secretion, and mount 
juickly in water. For method of mounting see (5), on p. 10. 
Examine first with a low power, and observe the hairs as 
,i whole, each consisting of several cells attached end to 
end, and with transverse septa dii^ding each cell from its 
neighbour. 

Examine now with a high power, and observe the following 
parts of each cell, selecting first the larger cells for exarfina-*' 
tion, which form the lower part of the hair. 

1. The cell-wall, a definite layer which forms a complete 
outer covering of each c^ll, and is continuous between them, 
forming the septa. 

2. A film of colourless granular material, the protoplasm, 
which forms a continuous and complete lining to the cell-wall 
internally, and surrounds a large central cavity — the vacuole-- 
&Iled with transparent sap. 

3 Embedded in this are more or less numerous chlorophyll- 
corpuscles, or chloroplasts, of small sue, oval outline, and pale 
green colour. Also— 

4. In each cell a single nucleus may be found. It is an oval 
body, of pearly appearance, and usually lies laterally, embedded 
in the protoplasmic film. As its position is not definite, and 
It has no colour, it is sometimes difficult to find it without the 
help of a stain. 

Irrigate (see p. ii)the slide with todtne solutiofi, ?LnA note 
the following results : 

I. The dell- wall is unaltered in form, and is not stained 
appieciah^j^f 

2 The protoplasm will be seen to be coloured a more or less 
deep yellow or brown. It may also separate from the cell-wall 
and contract, so that it can now be better seen as a distinct 
film. 

3- The chloroplasts will be a dusky brownish pui'pie. 

4* The nucleus will have been brought into prtroinence by 
its staining more deeply yellowish brown than the protoplasm 
tvhich embeds It ; while freque|itl> within it will be seen a 
deeply c(#ured granule— the meUolua. 
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II. Examine specimens of the gieen filamentous 
Spirogyra. 

This Alga IS commonly to be found in summer, growing in 
stagnant, or slowly flowing, fresh water . it is to be recognized 
by th© bright green colour of the unbranched filaments, which 
are irregularly coiled together, and of sufficient sue to be dis- 
tinguished by the naked eye : the wihoift^occulenl mass feels 
Jim/^hen lifted from the water. 

jSount a sitiali quantity of the Spirogyra in water : examine 
if first llnder a tow power, and observe on one of the largest 
specimens— 

1. That the cylindrical filament is limited by a definite 

eell'wali. 

2. That transverse partitions — «epta— which are continuous 
with the limiting cell-wall, duide the filament into a linear 
series of cells. 

3 That each cell contains protoplasmic body, the mast 
marked part of which will be one or more spiral chloroplasts, 
coloured bright green by chloiophyll. ' 

In order to study the structure of the protoplasmic body m 
detail, put on a high power, and, focussing c.irefully, make 
the following observations on the filament, which, it is to be 
remembered, is m the living condition .— 

r. Having recognized the smooth colourless cell-wall, note 
that It is closely invested internally by — 

2. A continuous film of colourless protoplasm. 

3 That this protoplasmic film sui rounds a large central 
cavity— the vacuole— filled with perfectly transparent cell-sap. 

4. That in the peripheral film are embedded one or moie 
green ^iral bodies (chloroplasts) of flattened form, and very 
llhregular margin, each including numerous lenticular, highly 
refractive bodies, the pyrenoids. 

5. Focussing carefully downwards into the central cavity, a 
highly r^ractive, colourless, lens-shaped body is to be seen 
suspend^ in a central position by numerous finely granular 

“jprotoplasmic threads : this bodwis tlie nucleus. 

‘ a. These several points shoiud be.^imde out jn the living 
cell, without treatment with any reag^ljj^W the^ltebservation 
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may be made easier in various ways lingate (p. ii) with 
iodine solution and obser\e the following results of that 
treatment 

1. The cell-wall will not be appreciably altered or stame^J. 

2. The film of pi otoplasm (“ primordial utricle will have 

stained a pale yellow or brown, and m3,y often ^e 
seen to haV«5^|feparated partiall}' or completely frtoa 
the cell-wall, from which it may now be readft^' 
distinguished. 

3. The chloroplasts wnll have assumed a dusky 'colour, 

while the pyrenoids will be a dark purple, 

4. The nucleus will have stained a deep yellow or brown, 

and inclosed within it one or sometimes two nucleoli 
may be recognized by their deeper colour and high 
refi active power. 

h. Irrigate a fresh specimen with 5 per cent solution of 
co^nmon %alt^ and watch the result,* which may take some 
minutes to appear. The protoplasm will gradually separate 
from the cell-wall, and while the latter retains Us form and 
position, the protoplasm will contract, and rounding itself off, 
ultimately appear as a more or less irregularly oval or spheiical 
body. 

c. Mount a fresh specimen in water, and irrigate with 
(^^lyccnnc; the cells will collapse, owing to the sudden abstrac- 
tion dff water of the cell-sap. 

d Mount a fresh preparation in water : irrigate with potash 
solution, and observe that the protoplasmic contents swell 
and lose their definite outline, and the whole becomes more 
tiansparent. 

III. The above examples show cells aggregated in a Imeac 
scries, constituting a filament . the next specimen illustraftes' 
the more complicated arrangement of cells in two dimensions 
of space, i.c. as a flat plate of tissue. Mount a small prothallus 
of a Fern (or the thin lateral pait of a large one) in water, and 
examine it under a low power such Fern prothalh are 
commonly to be found on the damp surface of soil or flower^i 
pots in fen||ries where^the air is constantly damp : or they 
may be rea®y grown lijaowing Fern-spores on moist soil. 
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It wiU be at once ob\ious that the thin plate of tissue, one 
layer of cells in thickness, is partitioned off into a number of 
cells of polygonal form, which arc in close connection with one 
another, so that no spaces intervene between them. Note the 
green granules (chlorophyll-corpuscles or chloroplasts), which 
are here to be seen in considerable numbers in each cell. 

ExamiiKfj the preparation under a power, and dis- 

tinguish— - 

1. The cell-walls, which are thin, highly refractive, and of 
almost uniform width throughout : the extreme margin of the 
prothallus will be found best adapted for their observation. 

2. A colourless film of granular protoplasm (“ priipordial 
utricle”), which is in close apposition to the cell-wall, and sur- 
rounds a large central cavity (the vacuole) full of colourless 
cell-sap • in this protoplasmic film arc embedded— 

3. The chlorophyll-corpuso^B or chloroplasts, which will 
now be seen to be flattened disk-like bodies. 

4. A single, highly refractive nucleus is to be found in each 
cell, its position being variable. 

a. Treat the preparation with iodine solution, and observe 
that— 

1. The protoplasm will be stained bro\^n. 

2. The chlorophyll-corpuscles, for the most part, a dusky 
purple. 

3. The nucleus will be more deeply stained, and will ac- 
cordingly be more easily recognized. One or more roundish, 
highly refractive bodies may be seen in the nucleus (nucleoli). 

4. The cell -walls are not stained. 

bi Treat a fresh preparation with potash solution, and warm 
gently jpver a spirit-lamp : observe that the protoplasm, chloro- 
jdiyll-grains, and nucleus lose their definite outlines, and, 
undergoing a process of swelling, become at the same time 
more transparent. This may best be seen in a specimen which 
has been l^eached in alcohol. 

c. Mount another ^^paration in “eau de javelle” (see Ap- 
^ndix A), and obser^ it at intervals for some minutes : a 
similar result will be seen, viz., the contents of the cells swell, 
and the whole tissue becomes njQ|« transparent : this is 
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especially the case m the region neai the apex of the pio- 
thallus. 

Inigate a fresh specimen with a 5 per cent, solution of 
common salt, and watch the result : it will be seen that the 
protoplasm contracts, often taking the form of an almost 
spherical bail, thus separating fiom the cell-walls with which it 
was originally in contact: the latter will now apj^ar as a 
continuous network of partitions dividing the whole |)rothallus 
into a number of chambers. 

If this preparatiotf be examined under a high power, a 
number of delicate protoplasmic filaments may be seen con- 
necting the outer surface of the contracted protoplasm witli 
the cell-wall . this indicates that the two bodies are not 
merely in apposition in the In ing, cell, but are closely con- 
nected. 

A cell in this state is said to be j>la8molyti»: the conti action 
IS? due to the withdrawal of water from the cell sap by the salt 
solution, this withdrawal not being compensated for by the 
entrance of salt solution into the vacuole. The salt solution 
diffuses through the cell-w'all, and occupies the space betw'ccn 
the cell-wall and the contracted protoplasmic film, but it 
cannot pass through the piotoplasmic film to any considerable 
extent. 

On washing the section with water, the plasmolylic cells 
gradually reassume their normal appearance. 

From such observations as these it is concluded that the 
passage of substances in solution into 01 out of the protoplasm 
is controlled by the protoplasm itself so long as the cell is 
living. 

If Fern prothalli arc not available, the above observations 
may be made on the epidermis, stiipped off from a fresh leaf 
of Lilium. The epidermal cells are large, and clearly nucleated, 
but contain little or no chlorophyll. 

I V. These oamotio properties of the tell can be easily studied 
m cells which have coloured cell-sap, sucl|^ those of the garden 
Beet : this will at the same time serve '*as a first exercise in , 
cutting sections from a solid mass of tisstje. " 

Cut transverse sections (p. 6) of a piece of a fresh Beet-root . 
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they must be sufficiently thin to be transparent, but of such 
thickness that at least some of the cells shall remain uninjured . 
mount in water : observe — 

1 . The thin cell-walls 

2 The layer of protoplasm which lines the cell-wall. 

3 The red cell-sap filling the cavity of the cell (vacuole). 
Note that, the red sap does not escape from uninjured cells, ^ 

n. Mount a section in water, and run some 5 per cent, 
salt solution under the cover-slip ; jt will be seen that, as before, 
water is withdrawn : and the protoplasm contracts round the 
remaining cell-sap, now more deeply coloured owing to concen- 
tration. As in the cells of the Fern prothallus, so also here fine 
piotoplasmic threads run from the contracted protoplasm to the 
cell-wall. Wa^h out the salt solution with water, and some at 
least of the plasmolyzed cells will gradually reassumc their 
original appearanoe. 

d. Examine another section which has been treated with 
alcohol, and thus killed ; the red sap diffuses out of the cells 
hence it is evident that though the colouring-matter does not 
diffuse out of a living cell, it diffuses readily out of a dead cell. 

V. In order to observe the movements of protoplasm in the 
living cell, mount in water a “ leaf” of Nitella : examine it first 
with a low power, and observe that it is composed of large cells, 
each limited by a definite cell-wall. Select one cell which lies 
conveniently for examination under a low power, and focus 
through the cell-wall upon the protoplasm, so as to see the 
green chlorophyll-granules embedded in it. Note that they are 
stationary ; a clear colourless line with no chlorophyll-grains 
will be seen taking a spiral longitudinal course along the cell : 
It is known as the neutral line. Select a spot in the cell where 
the neutral line is uppermost, focus carefully upon it with the 
high'powerj, past the chlorophyll layer, and note the streaming: 
movement of the colourless protoplasm within, recognised by 
the motion of the various bodies borne along by the current. 
Note iitrther that the 'piovement on one side of the line is 
towards-the apex of the cell, on the other towards its base : the 
protoplasm on the line between the two streams is motionless, 
and is the line free from chlorophyll, viz., the neutral line. 
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This type of protoplasmic movement is called rotation. 
More complicated movements are to be seen in various hairs, 
and notably in those which co\er the base of the stamens m 
species of Tradescantia. Remove a few of the hairs from a 
stamen of an open flower, and mount them in water. Observe 
under a low power the moniliform hairs, each composed of a 
row of barrel-shaped cells Focus the high power upon one of 
these celfs, and note the limiting' cell-wall, and protoplasmic 
Mningr • threads or bridles of jirotoplasm, irregularly disposed, 
pass from the peripheral protoplasm towards the centrally dis. 
posed, spherical nucleus. 

Fixammation of these threads will disclose movements of 
the protoplasm in various directions : these more complicated 
movements arc collectively termed circulation. They are, how- 
ever, essentially similar in nature to the simpler movements of 
rotation. 

‘ The following observations may be mad6 on either of the 
above specimens. Heat the slide over a spirit-lamp to boiling 
point : the movements will, on examination, be seen to have 
stopped, the cell having been killed by the high temperature. 

Treat another preparationj^ih which active movement is going 
on, with io^ne solution : the movement will be arrested, the 
cell being killed : the protoplasm will be stained brown. 

Similar movements are to be seen more op less clearly in 
living cells generally, and are easily observed in cells of the 
leaf of VaUtsneria spiralis^ Elodca canadensis^ Hydrocharis 
morsuS'rancE, &^c. 
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COMMON MICRO-CHI MICAL RFACTIONS 

A FEW* further metical exerpises will now be gn en, involving 
the use t)f common methods and 'reagents, and leading to a 
fuller knowledge of the appearance and reactions of the paits 
*of the cell, and of some of the bodies commonly contained 
in it 

1 CeU-wtflla. 

A Celluloae Walls. 

Take some ordinary unbleached “ cotton wool,” which con- 
sists of unicellular haii% from the suifacc of the seed of the 
cotton plant {Gossypitm) Moisten first with alcohoj^ and then 
soak in watei 

a Mount a small quantity fn water, And examine first with a 
low, and then with a high poweri oijierve — 

1 The long, filamentous, unicellular hairs, which compose 

the “cotton wool,” coiled irregulaily together 

2 The rather thick, highly-refractive and colouiless cell- 

wall. 

3 The rehiams of granular protoplasm, which may still 

be seen within 

h Soak a small quantity ^ the cotton for a few minutes in 
iodine solution in a watch-glass, mount m lodine^olution, and 
note the cell-walls stained slightly yellow. 

c Mount a small quantity of the cotton which hfeen 
thoroughly soaked with iodine, in a single small drop (k con- 
centrated sulphuric acid diluted with an equal volume of water 
the greatest care is to be observed in the use of this reagent. 
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so that It shall not gain access to the stage, oi the objective ; 
only a very small quantity is to be used, and the slide should be 
washed in water directly the obsowation has beg$ made, A 
low power will suffice to show that — 

I The ccll-w'alls sw'cll greatly, and in an irregular form, 
and ultimately lose their sharp contour. 

2. They assume a blue colour. This colouring is often not 
uniform, and this reaction, though trustworthy as 
positive evidence of the presence of cellulose where 
the blue colour is obtained, is not secure as proving 
the absence of cellulose if the blue cqdour be not 
seen 

d Mount a fresh piece of the soaked cotton in ch!oi-/mc- 
lodtne, and observe that the cell-wall stains a more or less 
distinct blue or a jiinkish violet accoiding to circumstances 
the protoplasm, of which a small quantity may remain in the 
’hairs, stains yellow' 

e. Mount still another small quantity of the soaked cotton in 
•icid solution of aniline sulphate, and observe that the cell-walls 
do not stain. 

/ One of the most characteristic reactions of cellulose may 
be observed ‘'ts follows 

Prepare an ammoniatal h of cupric hydrate (see 

Appendix A) : take, in a^]paj ^ ‘forceps, a small quantity of 
cotton-wool, and immerse it jlT the fluid . it will be seen that 
the separate hairs of the cottoij^lose their identity, coalesce into 
a gelatinous mass, and are finally dissolved. 

The solution, and antecedent swelling of the walls may be 
observed on a slide under the microscope if a very small 
quantity of 'the cotton- wool be mounted in the solution. 

Thesi^^^actions may be repeated on other tis^es, the 
endpspelip of the. Qate. 

B. UgnlfleiliW^l^. 

Fpr^e reactions tif lignified walls the wood of the Pine will 
serve : fe!|instance, sections $nay be cut from an ordinary wooden 
match,' /paving cut thin transverse sections, soak them first in 
alcohohto remove bubbles of air : mountone of them in glycerine, 
and observe under a high power the very regular network of cell- 
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walls, which are of almost uniform thickness, and are colour- 
less or slightly yellow protoplasm is practically absent in this 
tissue. 

a. Treat 'a fresh section with iodine solution, and note that 
the walls staio distinctly yellow. 

k Mount' 4 '' Section thus thoroughly stained with iodine in a 
single drop of sulphuric acid no blue colour is produced, the 
walls swell as do the cellulose walls, but their colour is 
brownish. 

c. Mount a fresh section in chlor-zinc-iodine ; the walls stain 
yellow', with no trace of blue. 

d. Mount anajj^er section in acid solution of aniline sulphate : 
the lignified walls stain yellow'. 

By means of the above reactions a lignified wall may be 
distinguished from a cellulose wall. 

C. Corky Walla. 

Cut thin sections from a piece of common bottle cork ; soak 
them first in alcohol, in order to remove air bubbles, and then 
in water : mount a thin section in water, or dilute glycerine, 
and note under a low power the regular arrangement of the 
tissue, and the thin, pale yellowish or brown cell- walls, with 
sharp definition and the absence of cell-contents. , 

a. Treat a section with iodine solution : the walls stain 
yellow. ». 

k Treat another section with phlor-zinc-iodine : the walls 
stain yellow' or brown. 

c. Treat as above directed fp. 26), with iodine and sulphuric 
acid : the walls are yellow or brown, and do not swell, but 
retain their sharp outline. 

d. Treat a fresh section with Schulze’s macerating fluid (sec 
Appendix A), and warm gently at first : the corky walls turn 
yellow : then boil vigorously (this should be done at some 
distance from the microscope, as the fumes gfiven are apt to 
attack the metal), and on cooling re-examifte ; the corky walls, 
if the reaction be complete, will be found to have loit their 
definite outline, and to have run together into irregular 
viscid drops of ceric acid, which is in some measure soluble in 
the mixture when hot, and is reprecipitated on cooling. 
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This reaction may with advantage be perfoimed in the liulk, 
by cutting some shavings of cork, and boiling them for some 
minutes m Schube’s macerating fluid they will be seen to lose 
shape, and coalesce into a viscid mass . this is softfele in warm 
alcohol, benzol, &c. 

D. Mucilaginous Walls. 

Soak seeds of Linum in water foi an hour. 0 bscr\e that 
the surface of the seed, which was before glossy and hard, is 
now' covered by a pearly layer of transparent mucilage. 

Cut thin transverse sections of a dry seed (the razor must 
be used dry, or wetted with alcohol, or pure glycerine) : mount 
in pure glycerine, and e.xamine the superficial^yer of cells of 
the testa. 

Note (i) their thick stratified walls, with a superficial 
cuticle ; (2) the middle lamella, faintly marked by its optical 
properties. 

Dilute the glycerine with water, and note that the thick wads 
swell slowly, the stratification and middle lamella becoming 
much more ob\ lous. The sw'cllmg is often seen to rupture the 
cuticle ; the swollen mass protrudes, and in this w’ay the trans- 
parent layer is formed on soaking the seeds. Thoug’h the 
mucilaginous walls sW'eU wuth water, they arc not dissolved 
this will be seen on staining. Treat a section with coralhn- 
soda solution : the mucila'ge' stains pink 

Tieat a fresh section with a watery solution of methylene 
blue : the mucilage will stain. 

II. Protoplasm and Nucleus. 

The protoplasm of the cell, and the nucleus, may be observed 
in the living condition as described m the preceding chapter ; 
but in order to recognize the more minute details, and m order 
to make permanent preparations of these bodies, more com- 
plicated methods of treatment are necessary. 

The protoplasm and nucleus must be first fixed and hardened 
(see above, p. 4) : the most convenient hardening agent is 
absolute alcohol ; if picric add be used it must be very com- 
pletely washed out from the tissues before staining. For other 
methods of fixation and hardening, reference may be made to 
larger works. 
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Harden the young flowering stem of a common Hyacinth, 
not more than three or four inches in length, in alcohol ; cut 
longitudinal sections of the basal portion of it, and stain with 
Kleinenberg’s hmmatoxylm (see Appendix A) till the sections 
are deeply coloured, then wash thoroughly with absolute 
alcohol in a watch-glass : transfer them (drying off all super- 
fluous alc<jhol with -blotting-paper) to oil of cloves, or tur- 
pentine, in which they should be left for some minutes, so that 
the fluid may thoroughly permeate them : then mount in 
Canada balsam dissolved m benzol. 

Examine sections thus treated under a high power, and 
observe the chief bulk of the tissue to consist of square or 
oblong cells of considerable size : the following parts are to be 
recognized — 

1. The cell-wall, which is uniformly thin, and is stained, 

2 . The protoplasm, lining it internally, which is also stained. 

3. A large central vacuole, which is not stained, and is 
usually traversed by fine bridles of slightly stained granular 
protoplasm : these suspend in a central position— 

4. The deeply stained nucleus : it piay be observed in many 
cases that the nucleus does not oqcupy a central position, but 
is embedded in the peripheral protoplasm, while the whole 
cell-cavity is occupied by a large vadHole. 

Pith of a very young shoot of the Elder will also serve as 
good material for these observations ; the young shoot should 
be treated as above directed, and longitudinal sections will 
afford similar results As an alternative method of prepara- 
tion, which has the advantage of simplicity, stain the sections 
from material hardened in alcohol, with a solution of methyl 
green in weak acetic acid, wash with weak acetic acid, and 
mount in dilute glycerine : the nucleus only is distinctly stained 
m this case, but the results are as a whole less satisfactory than 
when the former method is used. 

Division of the nticleus, and of the cell. 

In sections prepared as above, the cell- and nuclear-division may be 
seen in progress, and by comparing different stages the history of the 
process can be constructed. For this purpose it may be found better 
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lo sUin wilh Heidenhain’s hjcmatoxyJin (see A])j)cnd)x A), wluch stains 
especially the chromatin of the nuclei ; and mount as before. 

Note in the sections, cells in the quiescent state, as above de- 
scribed. The nuclei have a definite outline, and are finely granular, 
with one or more deeply stained nucleoli within. 

Note further the following chief phases of the process of division : — 

(1) Some cells will show a larger nucleus of coarsely granular 
appearance : in these division is about to take place. 

(2) In others the nucleus will have lost the definite outline, and 
coloured threads of chromatin will be clearly marked off from the 
colourless matrix of achromatin. 

(3) The chromatin threads, after breaking up into distinct portions, 
the chromosomes, will have taken position alxiut the equator of the 
slightly spindle-shaped nucleus. 

(4) The chromosomes (after division, of which evidence may be seen) 
arrange themselves in equal numbers towards the poles of the 
spindle. 

(5) The chromosomes gather into two masses at the two poles, while 
lietween are seen the transparent spindle-threads. 

(6) Granules appear upon the spindle threads at the eiiuatonal plane. 

(7) The granules fuse to form the new cell-wall, which is extended 
to the lateral walls of the parent cell. 

(8) The parent cell is completely divided, with one reconstituted 
nucleus in each half, in appearance and position like that of the parent 
cell. 

III. Starch. 

a. Scrape the freshly-cut surface of a Potato tuber lightly 
with a knife, and mount a small quantity of the scrapings in 
water : examine first with a low, and then under a high power, 
and observe scattered through the water a large number of 
somewhat ovoid, colourless, bright-looking, i.e. highly refractive 
bodies; these are atarch-rraina ; near to one end, which is 
usually slightly pointeSH^ is a round clear spot, the hilum. The 
gram will show a atratilied structure : the layers of stratifica- 
tion near the hilum are almost circular and concentric ; the 
more external layers are excentric and elliptical, and are wider 
on the side further from the hilum ; many of them between the 
hilum and the broader end of the grain are incomplete ; hence 
the layers are more numerous between the hilum and the broad 
end than between the hilum and the pointed end of the grain. 
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Here and there may be seen compound grains, consisting 
of two small grams m contact by their broad ends, and in- 
vested by several layers common to both. 

h. Sections should also be cut from the Potato so as to show 
the starch-grams in situ m the cells The razor should be 
wetted with water, and one section (the thinnest cut) should be 
mounted in water . a section which runs out to a thm edge will 
be found to be best . examine under a high power, and 
observe — 

1. The numerous 8tarch>gralnB as before. 

2. The thm cell-walla partitioning off the cells which aie 

of considerable si/e, and each of them may contain a 
large number of starch -grains. 

3. The protoplasm, which is so scanty as often to escape 

observation, 

r. Mount a small quantity of starch-grams m water as before, 
and irrigate with iodine solution . the starch granules will 
stain a more or less deep blue according to the strength of the 
solution ; this is the characteristic leaction of starch. 

it. Treat another preparation of starch with strong cliloi-zmc- 
lodmc : the starch-grams will as before assume a blue colour, 
but they also sw’ell, and lose their bright, high refractive 
properties. This is to be borne m mind when treating 
tissues containing starch with this reagent. 

c. Mount a fresh slide of starch in water, and irrigate with 
solution of potash : observe that as the reagent gains access to 
the granules they swell, and at the same time assume a dull 
appearance, their high refractive power being lost as they take 
up additional water of imbibition under the influence of the 
reagent. Now wash out the potash thoroughly with water, and 
irrigate the preparation with iodine sol^ilion ; the swollen grams 
will still stain blue, though much paler than before, showing 
that the swelling with potash does not fundamentally alter the 
nature of the starch. 

/. Mount some fresh starch in water, and heat it over a 
spirit-lamp till it boils ; on examination under the microscope, 
the grains will be seen to have swollen and lost their high 
refractive power, forming starch-paste : staining with iodine will 
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produce the blue colour, and show that they are only swollen, 
not dissolved : compare the effect of potash. A temperature of 
about 65° C. IS sufficient to cause this swelling. 

Digest starch-grains in saliva for some hours at a 
temperature of about 45-55 ' C. Examine them subsequently 
under the microscope they will be found to have lost their 
high refractive power. Stain with iodine they give a pale 
blue or yellowish colour. 

Chloroplasts, or uhlovophyll-corptiscles. 

Mount a fresh Fern prothallus in water, and note as in the 
List chapter the several parts of the cells which compose it, and 
especially the green chlorophyll-corpnscleB, which are usually 
Oi'" discoid form, sharply defined from the surrounding colourless 
protoplasm. 

Observe here and there granules of oval or biscuit-shaped 
outline : these are stages m the process of division, by which 
means the chlorophyll-corpuscles increase in number. Draw- 
ings of a senes of such forms should be made so as to illustrate 
the process of division. 

Treat with alcohol ; the green colouring substance 
(chlorophyll) will be seen to be dissolved out of the granules, 
but they will retain the same definite outline as before. 

A solution of chlorophyll may be prcpareif'in bulk by taking 
a quantity of fiesh grass or healthy cabbage leaves boil them 
in water, dry by pressure, and spread them out in a dark place • 
when completely air-dry soak them m alcohol m a dark place ; 
pour off the alcohol and filter. It will be deeply coloured, 
owing to the solution of the chlorophyll, while the mass of 
leaves will be bleached. 

Take a small quantity of the solution in a test tube, and 
examine it first by light transmitted through it— it will appear 
deep green in colour. Examine it now by reflected light . the 
solution will appear a deep dull red. The solution is thus 
dichroic. 


The various other Iwxlies, which are./ound either having 
definite form (such as aleurone grains), or in solution m the 
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cell-sap {such as mulin), will be described as opportunity offers, 
later in the book . a special section at the end of the description 
of the Angiosperms will be devoted to the study of the nutritive 
materials stored in sfeeds and fruits. The reactions by which 
the common components of the plant-body may be recognized, 
are stated concisely in Appendix B at the end of the book. 


Remarks on Statninei^ Clearings and Permanent Mounting. 

Staining. — It is often useful to stain sections in order to 
bring out certain points m their structure, or to distinguish 
between bodies of nearly the same refractive index and appear- 
ance, but of different nature. A very large number of colouring 
matters have been used for this purpose, some of which are 
mentioned in Appendix A . a very few of them will suffice for 
ordinary laboratory work, and none arc ever to be used without 
a definite purpose. 

Staining is best performed by placing some of the staining 
fluid in a watch-glass, and immersing the sections in it The exact 
strength of the fluid, and the tunc of exposure of the sections 
to Its action varies in each case, and must be ascertained by 
preliminary trials As a rule, when differentiated staining is 
desired (see Safranin, Append. A), the best results are 
obtained by using a dilute solution, and by exposing the 
sections for a long time to its action ; after staining and befo o 
mounting for observation, it is as a rule necessary to wash the 
sections in order to remove the superfluous staining fluid ; 
when the staining substance is dissolved in alcohol, the sections 
are to be washed out with alcohol ; when dissolved in water 
they are to be washed with water : in the case of iodine stain- 
ing this need not be done, as these colourings fade rapidly 
when the staining fluid is removed. 

Clearing the Preparation*.— If it is not desired to observe 
the details of structure of the protoplasm or of the nucleus, the 
best clearing agent for ordinary use is a solution of potash, either 
in water or alcohol. 

The clearing action of potash is due to the swelling of various 
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parts of the cells and their contents, so that they become more 
tiansparent ; at the same time it dissolves many of the granules 
m the protoplasm, and saponifies the oil-drops. The swelling 
caused by the action of the solution in wkter is often too great, 
especially when it is desired to see the cell-walls distinctly ; 
this difficulty may be got over by the use of the alcoholic 
solution. 

After treatment with the aqueous solution of potash, the sec- 
tions should be washed in distilled water, and after treatment 
with the alcoholic solution in dilute alcohol ; the sections, in 
either case, may be mounted in glycerine ; or the sections may 
be treated at once with a mixture of potash solution and 
glycerine, but in any case the potash must be washed out 
before mounting as a permanent object. 

If treatment with potash solution does not readily make the 
tissues transparent, the action of the reagent maybe accelerated 
and intensified by warming over a spirit-lamp. If the action 
be too strong, and the tissues become too transparent, this 
may be corrected by neutralizing with acetic acid. 

Another method which gives good results, especially in 
clearing growing-points, is by the use of “ eau de javelle ” (see 
.\ppendix A). The object, either fresh, or after hardening m 
alcohol or picric acid, is mounted under a cover-slip m “ eau 
de javelle for three or four, to ten or fifteen minutes, according 
to the rapidity of action of the reagent ; very gentle warming 
over a spirit-lamp will quicken the action . it is then to be care- 
fully washed with water, next with dilute acetic acid, and it may 
finally be mounted in glycerine. 

All the above methods involve the partial or complete dis- 
organization of the protoplasmii body : the following method of 
treatment has the advantage of preserving the structure of the 
protoplasm and of the nucleus, and it is specially applicable 
to material in which the protoplasm has been fixed by alcohol, 
01 by picric acid and alcohol. The sections (after staining, if 
that IS considered necessary) should be placed for a few minutes 
in absolute alcohol ; they should then be transferred to a watch- 
glass, containing either a mixture of tunpentine and creosote 
(four parts of the former to one of the latter), or some oil of 

D 2 
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cloves ; seccions which have been stained with aniline dyes are 
best cleared by cedar-wood oil ; they should be left in the 
clearing agent for a ^ort lime, until they appear to be quite 
transparent, and shoifW then be mounted in a drop of Canada 
balsam or Dammar. 

Permanent Mountingr. — It was pointed out in the previous 
chapter that objects mounted in water cannot easily be kept, 
while the objects do not appear so transparent m water as in 
some me^pum of higher refractive index. The media most 
commonly used are glycerine, glyceime jelly, Canada balsam, 
and Dammar. 

Glycerine. — This may be used for objects prepared ftom 
fresh material, or hardened with alcohol, &c., and is especially 
suited to objects stained with ammoniacal solution of haima- 
toxylin, carmine, and many of the aniline colours ; it is also 
used for objects cleared by potash, or “ eau de javelle,” Dilute 
glycerine should be used for this purpose, consisting of a 
mixture of pure glycerine with an equal bulk of water. 

■ In order to make the preparations mounted m glycerine per- 
manent, the cover-slip should be fi.xed to the slide by applying 
a coating of gold size, Brunswick black, or Canada balsam dis- 
solved m benzol, round its edge with a brush. If a circular 
cover-blip be used, a turn-table will be found to save much 
time in this process. Care should be taken that no glycerine 
IS on the slide outside the cover-slip ; if any is there it should 
be carefully cleaned off before applying the varnish. 

Glycerine Jelly.— Objects which may be mounted in glyce- 
rine may equally well be mounted m glycerine jelly, in which 
case since the jelly sets firmly, it is unnecessary to use any 
cement or varnish. The sections should be previously soaked 
for one or two days in glycerine so as to remove water or alcohol 
from them. A trace of carbolic acid should be added to the 
glycerine jelly m order to prevent the growth of F'ungi. 

Canada Balaam.— This is a highly refractive medium, and is 
thus well adapted for lending transparency to objects. It is 
specially suited to sections stained with hiematoxylin. Water 
must be completely extracted from the objects before mounting, 
by treatment with absolute alcohol, or strong methylated spirit ; 
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they are then to be transferred to oil of cloves, or a mixture of 
turpentine and creosote, or cedar wood oil, and finally mounted 
in Balsam 

The stain produced by aniline colouis is apt to fade, so that 
they are not to be recommended for preparations which are to 
be kept for a lonj^ time. The staining of h.emato\yhn also 
fades, but more slowly. In older to punent fading, the 
preparations should be kept in the dark. 



PHANEROGAMS 

/INGIOSPFA^MS. 

MATURE SEED AND EM FIR VO, 

(A) Dicoiykdim'i 

I. {a) Soak some Rroad Beans for 24 hours in water : 
selecting one which is fully swollen, note its flattened form, and 
the dark blotch (the hilum) at one edge of it : this is the base 
of the seed, by which it was attached to the parent plant Diy 
the surface of the seed and squeeze it gently, water will be seen 
to exude from a small hole close to the hilum this hole is the 
■aicropyle, and is a guide to the position of the technical apex 
of the seed, the whole being of the curved or campylotropous 
type 

Remove the tough outer seed-coat, derived from the integu- 
ments, and the bulky, yellowish embryo, which occupies the 
w'hole space w'lthin the seed-coat, will then be disclosed it is 
to be observed that there is here no tissue derived from the 
nucellus, and no endosperm, and the seed is therefore described 
as exalbuminouB : note the following parts of it . — 

1. The two fleshy cotyledons, which are attached at their 
base 

2. The conical radicle, w’hich lies externally, and in the seed 
has its pointed apex directed towards the micropyle. 

3 Separate the two cotyledons, and between them observe a 
bud, the plumule, composed of numeious small plumular 
leaves. 
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{b) Compare with the Bean the flattened seed of the 
Cucumber or Ciouid the micropyle may be found by the same 
means as licforc, at the pointed end of the seed, and dose to it 
IS llic small seal of the hilum ’ this seed is of the anatropous 
type and is exalbumlnous. Peel off the leathery seed-coat, and 
note the parts of the straiijht embryo, viz — 

1. The radicle directed towards the micropyle. 

2. The two cotyledons ; fleshy as before. 

3 Between them the very small plumule. 

ic) Examine fruits of the Sycamore {Acer pseiido-platamisy, 
before falling the fruit divides into usually two merlcarps, each/ 
of which is a w inged samara, containing a single seed Rcmo\ e 
ihe dry pericarp, and examine the seed It is almost spherual, 
the prominent ridge maiks the position of the radicle The 
seal at Its end is the hilum, or point of attachment 

Remove the brown skin, or testa j and note the follow mg 
paits of the green fleshy embryo ■ 

1. The two pleated cotyledons, closely folded. 

2. The cylindrical radicle. 

3. Separate the cotyledons, and the plumule wall be seen, as 
a small bud, at the base of the groove between them. 

It is an exalhuminous seed. 

{if) Compare the structure of the albuminous seed of the 
Castor oil {Ricimis commtmis)^ observing externally the hard, 
bright, variously marked seed-coat, which has attached to it at 
the basal end a wart-like swelling— the caruncle. 

Remove the seed-coat, which is brittle and easily cracked ; 
note beneath this a thin papery white layer • this closely in- 
vests the white oily mass of the endosperm, a tissue which 
IS not present at the period of maturity in any of the 
seeds above described. Cut this through transversely and a 
flattened central cavity will be found, lined on either side by 
one of the thin flattened cotyledons of the embryo. Lay 
open the endosperm of another seed longitudinally, by a 
cut following the plane of the flattened cavity it will then be 
clearly seen that the straight embryo is embedded in a mass 
of endosperm, and that it consists of two cotyledons, radicle, 
and plumule. 
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(e) Examine the ripe fruit of the Sunflower {Hehanthus 
amuus). The “ seeds ” sold for sowing are really fruits 
(ackenia), including the products of development of both 
ovary and ovule ; each is a dry inferior acheenium, with narrower 
basal, and broader apical end : at the latter is a scar, where 
were inserted the style and other floral organs. 

Compare fruits in siiu on the floral receptacle. 

Dissect off the brittle pericarp, from the anatropous and 
exalbuminous seed, which it incloses. 

Note the delicate seed*coat, and, within this, the straight 
embryo, of which the radicle is directed towards the micropyle 
{i.e, towards the base of the fruit), and the two cotyledons 
towards the apex of the fruit. 

Separate the two cotyledons, and note between them, at 
their point of attachrffent together, the minute plumule. 

(/) Examine the ripe fruit of Hcracleum gte^anteum ■ it is a 
schisocarp, which splits when ripe into two halves (mericarps), 
each of which is marked by four glandular vlttee on its outer, 
and two on its inner surface. 

Note at the apex of the fruit the two stigmas, which still 
persist. Below these the ring-hke scar of insertion of the other 
floral organs : the ovary is thus inferior. Separate one flattened 
mcricarp from its attachment to the thread-like carpophore : 
open It carefully from the base and dissect out the single seed, 
which is pendulous from the top of the cavity. Cut median 
longitudinal sections from the seed, with a razor . mount in 
water, and note with a lens, or low power— 

I. The thin penpheial testa. 

2 The endosperm, a bulky mass of nutritive tissue. 

3. The embryo, embedded in the endosperm, and attached 
at the micropylar end, near the funiculus or stalk of the ovule. 

The whole is an inferior fruit, with one albuminous seed m 
each men carp. 

(B) Monocotyledons. 

{a) Soak fruits of the Maize {Zea Mats) in water for several 
hours. The fruit is a caryopsis, and results from the develop- 
ment of both ovule and ovary ; its form is compressed conical, 
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the apex of the cone being the basal point of attachment of 
the fruit. 

Strip off the external coat of the fruit , this represents both 
the wall of the ovary and the integruxnent of the ovule. 

Distinguish in the body of the fruit which remains — 

1. A lateral, smaller, white portion this is the embryo. 

2. A larger yellow part, which forms the greater mass of the 
flint : this IS the endosperm. 

Separate the embryo from the rest, and note its shape. 

Cut longitudinal sections of the dry fruit so as to traverse the 
embryo in a median plane : clear m potash, mount in glycerine, 
and examine with a low power . observe . — 

1. The coat of the fruit, consisting of two layers, the pericarp, 
and seed-coat or testa. Note at the apex of the fruit the 
remnant of the style, and the scar of attachment at the base. 

2. The endosperm, consisting of thin-walled parenchyma. 

3. The embryo, which is in close apposition to the endo- 
sperm ; the part which is in contact with it is the scuteilum ; 
It extends over the whole surface of contact with the endosperm, 
and almost completely suriounds the body of the embryo itself. 

The body of the embryo consists of— 

4. An apical bud, with several sheathing leaves, which 
surround the apical cone. 

5 The radicle. Outside the radicle, and continuous with 
the root-cap, is a root-sheath, or coleorhisa. 

{b) Compare a gram of wheat {Tnticum vulgarc ) . it is oval, 
with one side deeply grooved, the other smooth and convex, 
with a depressed area at the base . this marks the position of 
the embryo. Cut median longitudinal sections, so as to traverse 
the embryo. Mount in water and examine w'lth a lens or a low 
power. Observe : — 

1. The brown band of pericarp and testa. 

2. The mass of white floury endosperm. 

3. The embryo, with parts similar to those above noted for 
the Maize. 

(c) Examine seeds of the common Onion {Album ( 7 c/«),they 
are black, and of irregular conical-prismatic form, the apex of 
the cone, i,e, the micropylar end, is the base of attachment. 
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After soaking the seeds in water so as to soften them, rut one 
of them longitudinally with a razor, following the plane in w'hich 
the seed is slightly flattened ; the section will probably show — 

j . The testa, a complete external coal. 

2. The embryo, a curved body, of which one end— the 
radicle— points towards the base of the seed, while the other 
more sharply -curved end is the single cotyledon. 

3. The endosperm, a more transparent tissue, which fills up 
the remaining space. 

(d) Examine the “stone,” that is, the seed, of the Date Palm 
{Phoenix daciyhfcra) note — 

1. The thin browm peripheral film of the testa. 

2. The hard stony mass of semi-transparent endosperm, with 
an irregular groove down one side. 

3. The embryo, wdiich will be found as a small soft body, 
about the middle of the smooth convex surface of the “stone” ; 
Tts position IS readily seen by a shallow depression, into w’hich a 
needle can easily be driven. 

The above specimens are all albuminous seeds of Mono- 
cotyledons, 


GERMINATION. 

(A) Dicotyledons. 

{a) Examine seedlings of Hclianthus which have been 
germinating for different periods from one day to one week, 
and observe the following points in the process of germina- 
tion : — 

1. The internal parts of the fruit swell, and cause the brittle 
pericarp to split longitudinally. 

2. The radicle protrudes, and curves downwards. 

3. The hypocofyledonary stem elongates, so that the pericarp 
and seed-coat are carried upwards by the cotyledons, which 
remain inclosed by them for a considerable time, 

4. The coats of the fruit fall from the cotyledons, which soon 
turn green, and expand as assimilating leaves, with the plumule 
seated between them. 

5. The plumule develops leaves, which expand in succession. 
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6 The radicle has meanwhile elongated, and produced latera 
mots, in acropetal succession 

Notice that when the young root is removed from the soil 
many particles adhere to it, especially at some distance from 
the apex these are held by the root-hairs, which attach them- 
selves closely to the particles of soil. 

(^) Compare the germination of the Sycamore : the pericarp 
and testa split ; the radicle curves downwards, and the coty- 
ledons, remaining for some time enclosed in their coverings, are 
laised above ground by the growth of the hypocotyl ; ultimately 
they free themselves, and unfold as green assimilating leaves. 

(r) In the Cucumber, the gcimination of the seed is of the 
same type as the above ; but note that the seed-coat is retained 
below ground. This is due to the outgrowth of a spur at the 
base of the hypocotyl by means of root-hairs on the undei side 
of the spur, the seed-coat is held down, while the cotyledons 
are withdrawn 

((f) With the above compare seedlings of Rntnus in various 
stages of geimination • in the mam features the results aic the 
same, but note especially that the endosperm remains for a long 
period in close connection with the cotyledons, and that as the 
seedling grows that tissue loses its firmness and density, owing 
to the abstraction of the nutritive substances stored in it, and 
their transfer through the cotyledons to the seedling. 

The above examples of germination are styled epigean, since, 
owing to the strong intercalary growth below the cotyledons, 
these are raised above the level of the soil. The cotyledons 
themselves are freed from th'fe seed-coat chiefly by their own 
grow'th in length but in the Cucumber by the help of the spur. 

As an example of hypogean germination, examine seedlings 
of the Broad Bean or Pea. Observe that the intercalary growth 
here is chiefly in the axis abcnic the cotyledons : the result is 
that the seed-coat and cotyledons remain below ground, while 
the products of the plumule rise above it. Examine the root 
system, and note the main root, bearing an acropetal sequence 
of lateral roots : and that the latter are arranged in longitudinal 
rows usually four in number. 

Similar observations may be made on the germinating Acorn. 
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(B) Monocoiyledofis. 

{a) Comparing plants of Ma^ze which have been germinating 
for different periods, the following facts in the history of germi- 
nation may be obseived : — 

1. The fruit swells. 

2. The outer coat ruptures opposite the ape\ of the radicle, 
which soon protrudes, bursting through the coleorhiza also, 
which appears as an irregular sheath round the base of the 
young root Since the coleorhiza is thus buist through by the 
young root, it is clear that the epidermis of the shoot is not 
continuous with the pihfeious layer of the root. 

3. The rupture of the coat extends upwards to the point 
opposite the apical bud, which also emerges. 

4 The root elongates, and forms lateral roots * other lateral 
roots (usually two) burst out above the insertion of the scutcl- 
lum . these soon equal the primary root in length, hence there 
IS no well marked tap-roq^t. 

5. Leaves of the plumule unfold, and gradually turn green ; 
the leaf inserted lowest, which was the outermost of those 
composing the plumule, remains small and develops no ex- 
panded laiftina . this is the cotyledon, according to Hofmeistei 
and other writers. 

b. Tlie above is a hypogcan germination of an albuminous 
seed In order to observe the storage material in the endo- 
speim, and the relation of the scutellum to it duiing gcimination, 
cut longitudinal sections from a young seedling, with leaves 
about three inches long, so as ttftraversc the wdiolc fruit and 
the contiguous part of the seedling in a median plane : mount 
in water, and irrigate with a solution of iodine. Observe— 

1. The large quantity of starch in the cells of the 

endosperm. 

2. That in the , neighbourhood of the surface of the 

scutellum the starch-grains are in course of demoli- 
tion, and that the central part of each is first attacked. 

3. That the surface of the scutellum facing the endosperm 

is covered by a densely protoplasmic epithelium, and 
that no ^rch-grains are present in it. 
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c. In the seedling of the wheat a similar arrangement of 
parts may be seen to that described for the Maize : both are 
hypogean. 

d. Compare the germination df the Onion, The root first 
emerges from the seed, and grows dovvnwaids , the cotyledon 
elongates, a^d forms an arch above ground, while the albu- 
minous seed in which its apex is inserted is later carried above 
ground, when the cotyledon straightens itself. The plumule is 
seated at the base of the cotyledon, and.is sui rounded by it. 

Similar observations may be made on the germination of the 
Date. 


ANATOMY OF THE VEGETATIVE ORGANS 

DICOTYLEDONS 

Obscn’ations luiih the Naked Eye 

1, Some seeds of the Sunflower should be germinated in a 
pan, and the young seedlings, after forming a few leaves, 
should be bedded out, and allowed to grow for about three 
months • examine a well-grown specimen of that age, as a 
whole. The main axis or stem is stout, heibaceous, and erect 
It often develops to a considerable length without branching . 
It IS cylindrical, slightly striated below, while the higher parts 
of It, where the lateral branches are developed, are polygonal. 
Its surface is studded by stiff hairs, which are especially obvious 
on the lower portions of the internodes. 

The stem bears laterally numerous leaves, which aic simple, 
peiiolate, cordate-acuminate, the .^largin slightly serrate, vena- 
tion palmate-reticulate, the surface hirsute. The arrangement 
of the leaves at the lower part of the plant (and including the 
cotyledons, which 'wither at an early stage) is opposite, or in 
whorls of three ; higher up, this arrangement merges gradually 
into the alternate. 

The stem is terminated by a bud, which may consist only of 
< losely aggregated foliage leaves, or it may enclose the repro- 
ductive organs, which are contained in numerous flowers, 
closely aggregated so as to form a charatteristic inflorescence 
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— the capituium, or head. Similaf buds, in earlier stages of 
development, may be dbserved in the axils of: the leaves 

(axillary buds). 

Wash the roots and cxamjjie them. They are fibrous, and 
branch profusely. The primary (tap) root, and earlier developed 
lateral roots are thicker than the later developed, roots of a 
higher order, the latter being successively thinner, lli^, is 
due to the fact that the roots undergo a process of secondary 
thickening 

II. Cut the stem of a well-grown plant transversely at its 
thickest part, and smooth the surface with a razor. 

The most prominent object in the section will be the massive, 
white, spongy pith vvhich occupies the centre. 

Around this will be seen, arranged more or less regularly m 
a circle, and near the periphery, a series of more solid-looking 
masses of tissue ; these are the vascular bundles, which 
constitute the conducting tissue. 

III. In Older to obtain a clear idea of the course of these 
bundles along the stem, and of their connection with those of 
the leaves, cut off a piece of the stem, so as to include the 
insertion of a leaf or node, and about two or three inches of 
stem above and below that point. Bisect this longitudinally m 
a plane perpendicular to the median plane of the leaf, /.c., so 
that one of the pieces will bear the whole base of the leaf. 
Clear away the pith with some blunt instrument, taking care 
not to injure the vascujar bundles. This process will be made 
easier if the stem be previously boiled in water for about ten 
minutes. 

Now dissect out caretullytte course ot the several vascular 
bundles, clearing away as much of the internal parenchyma as 
possible. Treat the whole preparation wi^ acid solution of 
aniline sulphate for about five or ten miniftes. The vascular 
bundles will be stained yellow, and their course directly up 
and down the stem will be easily followed. It will be apparent 
that in the internodes the bundles run parallel to one another, 
and as a rule without lateral fusion. 

IV. Dissect carefully the region of insertion ot a leaf, and 
note that certain of the vascular bundles— usually three of 
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them— pass out from the stem into the leaf-base : if their 
course be 'p^sued further up the le^, they will be found to 
branch. If a sufficiently long piece of the stem be dissected it 
would be found that all the vaspular bundles of the stem are 
similarly leaf-trace bundles. Observe that lateral fusions 
between the bundles occur occasionally in the internodes, but 
are more frequent at the nodes. If a single leaf-trace bundle 
be followed from the leaf downwards, it will be found that its 
course ends in such'E fusion. 


Microscopic Observations. 

* Young Stem. 

The material should be kept in spirit for some time, to 
remove resin and air, and to harden the tissues ; but this is not 
indispensable, and fresh material may be used, though it is not 
so satisfactory. 

I. Cut transverse sections of a young stem of the sunflower, 
^bout one-eighth of an inch m diameter. 

If the sections be cut from the hypocolylcdonary stem, thou|;h they 
will correspond m all important points to the following description, 
they will differ in some minor details ; thus hairs will be absent. 

Mount some in glycerine, others in chlor-ztinc-iodmc. 
Observe successively, passing from the periphery, under a low 
power : — 

1. The epidermis, a single peripheral layJI of cells, com- 
pletely covering the surface, but not very well defined from the 
underlying tissues. The margin is not perfectly regular, but is 
here and there extended outwarffli at the regions surrounding 
the bases of the large multicellular hairs, which may be 
recognised as beirl^products of the epidermis. 

2. Within this lies the cortex. Its internal limit may be 
seen, in the sections in chlor-zinc-iodine, to be the endodermis, 
a layer of cells containing starch-grams, which are stained 
dark blue. Th>s cortex is composed of : — 

a. Colleliebyma, a band of tissue several layers in width, 
directly below the epidermis. X]he walls of its cells 
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are more or les| thickened at the angles, ^ere three 
or more cells meet, the cell-cavity bein^fllias made 
oval, or circular in transverse section. These are the 
chief characteristics If collenchyma, of which this is a 
good type. 

b. Thin-walled parenchyma, consisting of rounded cells, 

with obvious Intercellular spaces : these are also well 
seen in the collenchyma. Resin passages arc dotted 
here and there in the cortical tissues. 

c, Undodermis, a continuous wavy layer of barrel-shaped 

cells, in close lateral contact with one another ; note 
the starch-grams in its cells, and for further details see 
below, p. 50. 

3. The stele, or central cylinder, which occupies the whole 
central region of the stem. Of this, the most prominent 
structural features are 

a. The Tascular bundles, disposed in a ring. 

Each vascular bundle consists of two regions 

i. The inner thicker-walled tissues of the xylem or wood, 

yellowish with chlor-zinc-iodine. 

ii. A more delicate sma([eV-celled tissue, the phloem, lying 

next Its outer limit. The walls of this tissue are 
stained blue with chlor-/inc-iodine. The well-marked 
outer mass, opposite each bundle belongs to 

b. The vascular conjunctive tissues. These are composed 
of - 

iii. The pith, a massive tissue occupying the centre of the 

stele. 

iv. The medullary rays,|||eparating the vascular bundles 

from each other laterally. 

V. The pericycie, lying between the v^ular bundles, and 
the endodermis, which curves sffghtly towards the 
centre of the stem in the spaces between the bundles. 
N.B. In Helianthus the pericycie opposite the vascular 
bundles widens out into a mass of tissue, which becomes thick- 
walled with age— the selereneiyina : while opposite the 
medullary rays the pericycie is naifewer, and thin-walled. 
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** The Mature Stem. 

I. Out thin transverse sections^^of a stem of a well giown 
plant of HcUanihtis^ i.e. of a stem more than half an inch at 
least in diameter 

Mount some of these in glycerine or glycerine jelly (these 
may be kept as permanent specimens), and others m chlor- 
zinc-iodine. Examine these first with a low power, and observe 
the geneial arrangement of tissues as in the young stem above 
described the pith is much more bulky, and frequently fistu- 
l.ir ; the vascular bundles are larger, and their tissues more 
definite : while, if the stem is an old one, the bundles may be 
connected laterally by bands of secondary vascular tissue, thus 
forming a complete ring. The pericycle maaseB opposite the 
larger vascular bundles are now strongly aclerenchymatoua. 
The cortex and epidermis are little altered, but appear to have 
been stretched by the increase of the tissues within. 

II. Choose out the thinnest of the sections, and examine it 
with a higher power, starting as before from the periphery of 
the stem. 

I. The epidermal layw will be seen to consist of cells con- 
tiguous with one another, without intercellular spaces, but with 
occasional stomata : the structure of these will be studied in 
detail elsewhere. The walls, and '^specially the external and 
internal walls, are thick, highly refractive, and show a stratified 
structure. In chlor-zinc-iodme they show the characteristic 
blue of cellulose with the exception of the outermost layer— the 
cuticle : this is a continuous welWefined layer, which stains 
yellow, and may thus be easily recognized {see p. 28, reactions 
of corky walls). 

The granular protoplasmic contents of these cells (brown, 
with chlor-zinc-iodine) are not plentiful, but form a thin layer 
lining the somewhat rounded cell-cavity. Cblorophyii-grains 
are to be found in these cells ; this point is to be noted, since 
in the stems of many .^plants chlorophyll is absent from the 
epidermal celll. ' 

The cells surrounding the bases of the Ij^iits, as well as the 

E 
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underlying tissue, show a luxuriant growth : in faqj,,JtJtie hairs are 
each seated at the apex of an emergence. 

2. The cortex consisting of : — 

fl. The collenchyma, in wliich the protoplasmic body resem- 
bles that of the epidermis : chlorophyll-grains are numerous. 
The cell-walls are highly refractive, and stain blue with chlor- 
zinc-iodine (cellulose) ; they are specially thickened at the 
angles, where three or more cells meet ; in the thickened masses 
the lines of stratlftcxtion are well seen. Note that the collen- 
chyma is not continuous below the stomata ; also that there is 
no sharp* internal limit to the collenchyma, but it merges 
gradually into — 

b. The thin-walled cortical parenchirina, which differs, froni 
the preceding in the thinness of its walls, its less copious cell- 
contents, the larger si^e of the cell-cavity. Intercellniar 
spaces, which result from the splitting of the cell-walls at the 
points where three or more walls meet, are found in this tissue, 
and also in the collenchyma ; in the living state they are filled 
with air, and even m specimens which have been treated with 
alcohol, air-bubbles may stil) be found entangled in them. 

Observe carefully the vesin-passayes, which occur in the 
cortical parenchyma. The resin, being soluble in alcohol, has 
been removed. They are intercellular spaces, formed by the 
splitting of cell-walls. Th^t cavity thus formed is surrounded 
by small, thin-walled secrelbry epithelium, the cells of which 
have dense protoplasm and prominent nuclei : they divide both 
radially and tangentially as regards the passage. 

Note that in the epidermis, collenchyma, and thin-walled 
parenchyma of the cortex, ttere occur divisions of the cells in 
a radial direction. Compare the girth of the stem at the upper 
with that at the lower part of the plant, or that of a young plant 
with tjijat of an old one. The conclusion will naturally be drawn 
that stem increases in girth as it grows older, and since the 
outer tissues neither peel off, nor do the individual cells increase 
greatly in width, longitudinal radial divisions of the cells are 
the only alternative. 

The innermost layer of the cortex, bordering on the stele, 
is the eudodemu : this layer, which is easily identified by its 
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starch in th^ young stem (p. 48), is less conspicuous in the old 
stem. It is most easily recognized opposite the vascular bundles, 
where it borders the sclerenchyma externally. A characteristic 
feature of the cndodermis is a dark dot on the radial walls, 
which is, however, better seen in other examples (see pp. 64, 65). 
The cell-walls are faintly yellow wath chlor-zinc-iodine (cuti- 
iiiscd), and frequently pressed out of shape. 

3. All the tissues lying within the cndodermis constitute the 
stele . its several component tissues will be examined separately, 
beginning with : — 

a. The vascular bundles : but it is not to be assumed that 
the vascular bundles are sharply delimited from the surrounding 
conjunctive tissue. Select one of the largest of these for 
detailed study, beginning with : — 

1. The xylem, which is next the pith. It consists of elements 
of various structure ; of these the most noticeable are the 
vessels, easily recognized by their large, cavity : they are 
arranged in radial rows, the individual vessels usually increasing 
in size from the central linut of the bundle. The walls are thick 
and lignified (yellow with chlor-zinc-iodine, or with acidulated 
aniline sulphate, see p. 28) ; they have no protoplasmic con- 
tents, their further distinctive characters can only be seen m 
longitudinal sections. Thyioses may be observed (see below', 
p. 56), especially in more central vessels. The vessels next the 
pith are the smallest, and have been crushed and partially dis- 
integrated : they are the first-formed elements of the wood, or 
protoxylem ; the rest of the primary xylem is formed later, in 
centrifugal si|ccession, and is styled the metaxylem. The vessels 
are embedded in tissue composed of two tissue-forms, which, 
however, are not readily distinguishable in transverse sections ' 
they are the Xylem-, or wood-fibres, which appear irregular 
and polygonal in transverse section, and have thick lignified 
w'alls : cell-contents are not prominent, 'or they may be Ihtirely 
absent ; — and the Xylem-parenchyma, cells which retain their 
protoplasmic contents ; their cell-walls are lignified, or of cellu- 
lose : th#!atter is thj^se with those cells which surround the 
more central vessels. 

li. The phloem, lying outwards from ttt% xylem, consists of 
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elements of very different structure and function : these are 
sieve<tnbeB, which appear in transverse section as the larger 
cavities of the phloem : their walls are rather thin and consist 
of cellulose (blue, chlor-zinc-iodine). Occasionally these cavi- 
ties will be found traversed by transverse septa, having a 
punctuate appearance : they are transverse Bleve-piateB : they 
are <readily detected by the dark staining of the contents 
surrounding them, with chlor-zinc-iodine. Abutting directly 
on the sieve-tubes, and appearing as though they had been cut 
off from the sieve-tube by a longitudinal wall, may be seen 
smaller cells : these are the companion-cells, distinguished by 
their denser contents. The remaining elements resemble the 
sieve-tubes in transverse section except in their smaller size, 
and absence of sie\ e-plates : these are the phioem-parencbyina. 

N.B. —Outwards from the phloem lies the thick-walled mass of 
Bcierenchyma ; this belongs to the conjunctive tissue, and will 
be described under that head. 

Between the xylem and the phloem lies a band of thin-walled 
tissue, which has not the distinctive characters of either. Its 
cells show evidence of cell-division, and are arranged in regular 
radial rows. This active fornq^|^tlvc layer is the cambium ; by 
means of it new tissue may be added both to the xylem 
internally, and to the phloem externally. Note how in passing 
from the cambium to the xylem or phloem, the different tissue- 
elements are differentiated from the originally uniform cells of the 
cambium. For additional details see the description for Ricimis 
(p. 6o), where its structure is more easily observfed. 

b. The TaBCular conJunctiTC tisBucB consist ofif^ — 

i. A central pith, composed of cells which have for the 
most part lost their cell-contents : they have very thin walls : 
the walls are slightly pitted, and intercellular spaces small. 
The cell-cavity is usually filled with air, which replaces the 
protoplasm ; hence the whiteness of the pith. 

ii. MednilBry raja, here broad parenchymatous tracts, con- 
tinuous with the pith, and lying between the vascular bundles. 
They are crossed by lateral continuatioiilk)f the cambium (the 
interfascicular cambium) which may already have formed small 
intelmediate vascular bundles. 
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111. That part of the conjunctive tissue which lies imme- 
diately within the endodermis is the pericycle : in this stem, 
opposite the vascular bundles, it takes the form of scleren- 
chyma, disposed as half-moon shaped masses of tissue, consist- 
ing of elements with rounded cavity, m which may be recognised 
the remnants of protoplasmic contents. The walls are thick, 
and ligrnifled (yellow with acidulated aniline sulphate, or yinth 
chlor-zinc-iodine, see p. 28). They also show differentiation 
into layers, of which the most prominent is the bright-looking 
middle lamella. Perpendicular to the internal surface of the 
walls pits may be seen. The remainder of the pericycle, oppo- 
site the medullary rays, lemains thin-walled, 

III. Cut radial longitudinal sections of an old stem of 
Hchanthus, and choosing such as have passed through a 
vascular bundle (easily recognized with the naked eye), treat 
them as above. 

Bear in mind the observations already made on the transverse 
sections, and compare those results with the observations about 
to be made. 

Note successively the tissues already observed in the trans- 
veise sections. It is not always possible to see all the tissues 
satisfactorily represented m a single radial section, therefore 
the study of the tissues and of their relative positions should 
be conducted by comparison of a number of sections one with 
another. 

1. The epidermis, consisting of oblong cells, whose walls 
and contents present the appearance already observed m the 
transverse sections. Note the disturbance of tluir normal 
arrangement around the bases of the larger hairs. 

2. Beneath the epidermis lies the cortex, composed of: — 

a. The collenchyma, consisting of oblong cells with thick 
longitudinal cellulose walls (blue, chlor-zinc-iodme), and thin 
transverse ends : the contents are protoplasm, with a nucleus 
and chlorophyll-grains. Below each of the larger hairs the 
lollenchyrna gives place to short thin-walled parenchyma, 
which, together witl^ the epidermis covering it, forms those 
emergences on the summit of which the hair is seated. Within 
this is — 
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A Thin-walled parencbyma, the cells of which are shorter, 
but wider, than those of the collenchyma ; there is, however, 
no sharp limit between them ; observe transitional forms. The 
cell-contents resemble those of (a\ but there is less chlorophyll. 

Note the resin-passages, the course of which is directly 
longitudinal : they therefore appear as longitudinal bands of 
small, oblong, thin-walled cells (epithelitim). 

c.‘ The endodermis may occasionally be recognized as the 
layer of cells immediately outside the stele. Very commonly 
starch-grains may be detected in its cells. 

3. The stele.— Supposing the section to have been approxi- 
mately median through a vascular bundle, the following com- 
ponents will be found to be included in it 

i. The pericycllc sclerenchyma, which appears in longi- 
tudinal section as long prosenehymatons cells, occasionally 
divided by more or less oblique septa. The walls are thick, 
lignified (yellow with chlor-zmc-iodine, or with acidulated 
aniline sulphate), and pitted : remnants of the protoplasmic 
contents may be found, especially if the stem cut be not 
very old. 

ii. The phloem, consisting of tissues with cellulose walls, 
(blue with chlor-zinc-iodine), and abundant protoplasmic con- 
tents : its several constituents are : — 

a. Sieve-tubes, long tubes with thin walls and t^sverse or 
oblique septa (sieve-plates), the structure of which% the chief 
characteristic of the sieve-tubes ; they are readily recognized in 
sections treated with chlor-zinc-iodine (or iodine solution), by the 
deep brown colouration of the contents, which are collected 
round the sieve-plates, , 

Tieat some sections with potash : the contents and the mass of 
callus surrounding the sieve-plates, swell, and the perforated or 
sieve-like character of the septum, which does not swell, is 
then easily recognized. The sieve-tubes will be more easily 
^recognized in sections which have been coloured with 
eosin (see Appendix A), which stains the contents of the tubes 
deeply. 

A more detailed study of sieve-tubes, and their structure and 
contalits will be given below^n a special section. (See p. 62.) 
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b. Side by side with the sieve-tubes may be found the 
companion-ceiu, which are smaller sister-cells of the segments 
of the sieve-tubes, cut off during development. 

c. Phloem-parenchyma, consisting of oblong parenchymatous 
cells, with thin, indistinctly-pitted, cellulose walls, and proto- 
plasmic contents. 

iii. The cambium, a narrow band of oblong cells with very 
thin walls, and protoplasmic contents. As the tissue in this 
case differs in no essential point from that in other plants 
treated elsewhere, and as it is here difficult to study, its descrip- 
tion will be deferr^, though its presence here must not be 
forgotten. (See below, p. 6o.) 

iv. The xylem, consisting of : — 

a. Veaaels, which are its most prominent constituents : 
they are elements with Iignified walls, which are variously 
marked : they have no protoplasmic contents, their wide cavity 
containing during life, water or gases. The cavity is continuous, 
owing to the partial or complete absorption of the transverse or 
oblique septa. Note instances of this partial or complete 
absorption. According to the various markings, or thickenings 
of their walls, the vessels may be grouped under the following 
heads, the first named being the nearest to the periphery of the 
stem 

a. Pitted vessels, which arc the largest, having very wide 
cavity : theil" walls are marked with pits which appear oval in 
surface view,' and which have the same characters as the round 
bordered pits of Pinus. (See below.) 

Having observed the pits in surface view, focus so as to 
obtain a longitudinal optical section of one of the walls ; or 
better, find a place where the preparation is so thin as to show 
this in real section. Compare this with what was seen in 
surface view. 

)3. Spiral vesselB found in the part of the xylem nearer the 
pith, those nearest the pith having the spirals less closely coiled. 
Note transitional forms (irregularly rstleulated) between spiral 
and pitted vessels. •' 

•y. Annular tssssIs found at the part of the xylem directly 
adjoining the pith : the thickening is here in the form of rij^Ks j 
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in mature stems these vessels are usually more or less dis- 
organized. 

The spiral and annular vessels are those formed first in the 
young stem : and in plants generally these markings are typi- 
cal of the protoxylem. 

b. Fibrous elements, which are long and pointed : it is 
difficult to follow one individual fibre throughout its whole 
length, owing to its taking a sinuous course, the fibres being 
interwoven one with another : their walls are lignified and pit- 
ted . the cell-contents are reduced or absent. 

c. Xylem-parenchyma, which is to be foetid more especially 
around the \ essels near the central limit of the bundle. The 
phenomenon of thyloses is the result of the encroachment of 
these cells on the cavity of the vessels. The normal individual 
cells are oblong with square ends, they have cellulose walls, and 
retain their protoplasmic contents, 

V. The central conjunctive tissue, pith, is composed of paren- 
chymatous cells, with thin walls consisting of cellulose the 
walls are slightly pitted : these cells have lost their protoplasmic 
contents in many cases, and especially near the centre of the 
stem. Occasional resln-passageB may be found in the pith. 


* * * Apical Bud. 

I. Take the apical bud of a young plant, or of a young lateral 
branch of the Sunflower, and cqt longitudinal median sections ; 
treat with potash, and mount in glycerine : a better method is 
to treat with “ eau de javelle,” and mount as directed on p. 35 : 
examine with a low power, and then observe : — 

1. That the axis ends m a naked broadly-conical apex 
{piinctum vegetationis), which is surrounded and enveloped 
by- 

2. Leaves ; these may be observed in various stages of 
development, the youngest being nearest to the apex • their 
order of development, is thus acropekal. The surfaces of the 
older leaves are covered with — 

3. Hairs, which are absent from the apical cone and the 
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youngest leaves, the hairs being developed subsequently to the 
leaves themselves. 

Note (with a high power) that the apical cone itself consists 
of thin-walled cells with plentiful protoplasm, which are smaller 
than the cells of the mature tissues already studied, and are m 
a state of active division, t.e. they are meriimatic. Obsen e 
further that the newly-formed cell-walls cut the pre-existing 
cell-walls at right angles, and that the two parts of the cells 
thus divided are apparently equal to one another. A com- 



of the htem. E,E = external surface i>,p,p,p, are the penclinal curves A,A = the 
anticlinal curves which cut these at light angles /,/ = incomplete perichnals 
= incomplete anticlinals The dermatogeii is represented hy the space be- 
tween the outer surface, B, K, and the outermost periclinal, p, p. (After Sachs ) 


oarison of the general arrangement of the cell-walls wuth the 
iiagram shown in Fig. 2 will help to make clear the arrange- 
Tient of these cell-walls : in drawing the comparison, however, 
t must not be forgotten that Fig. 2 is a diagram, and cannot be 
"vpected to apply in detail. 

The whole merismatic mass is differentiated into parts, which 
iiay be distinguished more or less clearly from one another, 
md it will be easy to trace their continuity with the several 
issue-systems of the stem and leaves, df which in fact they 
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are the formative tissues. We may thus distinguish the 
following : — 

1. The dermatogen, as a single continuous layer of cells, 

which divide only in a direction perpendicular to the external 
surface of the organ (stem or leaf), which it covers completely . 
It IS easily seen to be continuous with the epidermis, of which 
It is the formative layer. Within this is a solid mass of tissue, 
which looks for the most part dark, owing to its being per- 
meated by intercellular spaces filled with air. It is traversed 
at a short distance from the external surface by transparent, 
longitudinal bands of — '''' 

2. Desmogen, which is the formative tissue of the vascular 
bundles. Trace its continuity with these. Between the 
desmogen bands and the dermatogen lies— 

3. The formative tissue of the cortex (periblem) which is 
(partially at least) characterized by dark-looking intercellular 
spaces. 

4. Centrally lies a dark bulky cylinder, which is continuous 
with, an(Wormative of, the pitb. 

Observe carefully the mode of origin of the leaves. They 
appear at the periphery of the cone as protuberances of the 
dermatogen and of the subjacent cells : the divisions in the 
dermatogen are all anticlinal, those in the lower layer are both 
periclinal and anticlinal. (Compare Fig. 3.) As they increase 
in size their internal tissues become differentiated into (i) 
desmogen, which is subsequently connected with that of 
the stem, and (2) tissue with intercellular spaces, which is 
continuous with the cortex. At the same time single cells of 
the dermatogen grow out, and divide, so as to form the conical 
multicellular hairs, which cover the surfaces of the leaves. In 
the older leaves of the bud the development of the emergences 
around and below the ^es of these hairs may be traced . 
these are not representeofn the diagram (Fig. 3). 

Note on passing baclc from the apex towards the more dif- 
ferentiated part of the stem a gradual increase in length of the 
cells, corresponding to the gradual extension of the internodes, 
while in the first elongated intemode of the stem below the 
bud this is very marked. Observe also the various stages df 



DICOTYLEDON-APICAL BUD 


59 


the process of Tacuolixation of the protoplasm ; this will be 
best seen in sections stained with hiematoxylin, and mounted 
in Canada balsam. 

Apical buds of the Jerusalem Artichoke 
may be used instead of 7/. annuus^ and they have the aiivantage 
of being vegetative buds. Whereas the Sunflower flowers 



I’lG 3 —Diagram illustrating the mode of origin of leaves (with alternate arrange- 
ment) from the growing point of a Phanciogam a, apex of the growing point ; 
n, C, D, various stages in the origin of a new leaf the Arabic nuitiliers, and 
shading, indicate how the individual layers of cells take part in the origin of the 
new leaf It is clearly indicated in this diagram that no periclmal divisions 
appear in the cells of the derraatogen (After Sachs ) 


tidily, the Artichoke does not flower at all in this country : thus 
the complications which attend the formation of flowers will be 
avoided. 

Buds of the Common Lilac {Syringa vulgaris) also afford 
);')od material : various other buds may be used, allowance 
being made for difference of detail owing to the various ar- 
rangement of the leaves, &c. 
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Stem of Castor Oil {Ridnus commtmis). 

For comparison wkh the Sunflower, transverse sections should 
also be cut from the young stem of Ricinus communis : the 
material should be hardened in alcohol. Mount some of the 
sections in chlor-zinc-iodine, others in glycerine after staining 
with acid aniline sulphate. Examine first with a low, then with 
a high power. Note the following tissues •— 

1. The epidermis, a regular layer, disturbed occasionally by 
the occurrence of large rounded cells : here and there are 
stomata. 

2. The cortex, differentiated into two bands, an outer denser 
slightly collenchymatous band, and an' inner zone with thinner 
walls and larger intercellular spaces. The endodermis has 
litfle to distinguish it but the presence of copious starch. 

3. In the stele note the continuous ring of cambial activity. 
If the stem be young, the primary bundles will still be isolated. 
Examine carefully the cambium of one of these bundles. Its 
constituents are cells arranged in radial rows, with thin cellulose 
walls (blue chlor-zmc-iodme), and plentiful protoplasmic con- 
tents . the tangential walls are the thinnest, hence we may 
conclude that the most recent divisions have been m this direc- 
tion, and have been repeated. Occasionally traces of recent 
radial division will be found, but this is less common. The 
form of the individual cells varies from oblong to square, as 
seen in transverse section : m the former case the longer axis is 
tangential. Trace the radial series outwards into the phloem, 
and inwards into the xylem. Note how, in passing from the 
cambium to the phloem or xylem, the cells divide, and how the 
form of the individual cells is modified. Hence we may draw 
conclusions as to the development of different tissue-elements 
from the originally unifojm cells of the cambium. 

Observe how this carnal activity extends across the primary 
medullary rays, as the inter-fascicular cambium, which thus 
completes the ring. 

If the stem be more advanced, the result of its activity will be 
to form tracts of xylem and phloem, which together v/ith the 
primary bundles form a continuous ring of vascular tissue sur- 
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rounding the central pith. The original bundles may still be 
identified by their wedges of primary xylem projecting into the 
pith. 

The perlcycle is partially sclerotic opposite the vascular 
bundles, but less developed than in the Sunflower. 


Stem of Cucumber {Cncumis safiva). 

I. For comparison with the stem of the Sunflower, and for 
detailed study of sieve-tubes, sections should be cut fiom the 
stem of the Cucumber. Mount some in chlor-zinc-iodine, 
oihers in glycerine : others may be stained with eosin and 
mounted in glycerine.'*^ The material should have been 
hardened in alcohol. It should be remembered that the 
Cucumber is a climber, and it shows structural features 
common in such plants. 

Examine first with a low power, and observe 

1. The epidermis, regular, but interrupted by stomata, and 
by the bases of large hairs. 

2. The cortex of varying thickness, it is thickest opposite 
the ridges of the stem : opposite the furrows it narrows down 
to very few layers. Opposite the ridges it is differefitiated into 
an outer arc of very characteristic collcnchyma, and an inner 
zone of thin -walled parenchyma. Opposite the furrows the 
latter only is present. The cortex abuts on a strongly-marked 
zone of sclerenchyma : its innermost layer forming an ill- 
defined thin-walled starch-sheath — the endodermis. 

3. The atele is defined by a continuous band of scler- 
enchyma, belonging to the broad pericycle, the inner part of 
which consists of thin-walled parenchyma. The vascular 
bundles, embedded in the copious conjunctive parenchyma, 
form two series, of which those of^e inner are the larger. 
The pith is usually fistular. 

Examine one of the larger bundles in detail, and note that it 
is blcoliateral, i.e. that there is a strand of phloem on the 
inside as well as on the outside of the xylem ; the proto^ylem 
is endarch, i.e. at the inner margin of th^ latter. The xylem is 
characterized by unusually large veaaela, which often show 
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thyloses. The phloem resembles that of Heliantkus^ but has 
•larger constituents. Obsejfjje— 

I. The Blere-tubes, elements with large lumen, which aie 
sometimes traversed by transverse sieve-plates ; these have a 
punctate appearance, due to perforation by the sieve-pores. 
The contents of the sieve-tubes stain deeply with eosin. 

ii. The cpmpanion-cells, small cells attached to the sides of 
the sieve-tubes. They are sister cells of the sieve-tubes, and 
still appear as though cut off from them by a longitudinal wall. 

iii. The phloem-parenchymaj which composes the rest of the 
phloem. 

In the sections treated with chlor-zinc-iodine all the walls of 
the phloem turn blue (cellulose), biif the sicve-pIates appear 
yellow or brown, owing to the contents massed around them. 
In order to see the pores of the sieve-plates, transverse sections 
may be stained with Bismarck brown, after treatment with 
“ eau-de-JavcUe ” or potash, to remove the contents. 

II. Cut longitudinal sections through the soft bast either 
radial or tangential sections will do. Mount some in iodine 
solution. The transverse sieve-plates will be brought into 
prominence by the deep yellowish brown staining of the mass 
of substance, which surrounds them : this may consist of— 

a. A callus-mass which surrounds, and often completely 
invests the sieve-plate : the size of the callus-mass is variable 
according to season, age, &c., being greatest m autumn, and 
in old sieve-tubes. 

d. The slimj^ontents which are usually collected in close 
contact with the sieve- ^ate (or with the callus, if present), and 
more especially on its upper side. In many cases plasmolysis, 
acting on the delicate protoplasmic lining of the tubes, will 
have caused contraction from the lateral walls. 

Note, i. the oblouf fpfm of the segments composing the 
sieve-tubes. 

ii. The companion-cells, with granular protoplasm, 
and jiucleus. 

^ iii. Fbloem-parenclirinpi of similar form to the segments 
of the sieve-tubes. 

Other sections should be stained with eosin, then washed and 
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mounted in glycerine. The sieve-tubes will be readily seen, 
as their contents will be stained deeply. In these sections note, 
especially the stained threads which traverse the pores of ih^' 
sieve-plates. 

III. Treat some fresh longitudinal sections with iodine, then 
diy off the superfluous fluid with blotting-paper, and mount in 
a single drop of strong sulphuric acid. The cellulose walls and 
callus will swell ; the protoplasm will contract Look carefully 
over the protoplasmic contents of the sieve-tubes for the points 
where sieve-plates have been ; here it will be found that fine 
strings of protoplasm, which passed through the sieve-plate," 
connect the protoplasmic masses on opposite sides of the sieve 
with one another. By Ihis reaction the continuity of proto* 
plasm through the sieve is demonstrated 

It will be noted that the sieve-tubes of Cucunii^ closely 
resemble those of Hchanlhus^ the sieve-plates being transverse 
and simple. This is the usual type of sieve-tube to be found 
in primary phloem, and generally in herbaceous stems of 
Angiosperms. In the secondary phloem of ligneous stems a 
more complicated type of sieve-tube is ficquently found. This 
will be studied in the stem of the Lime. 



Steu-AQ[/ATIC type 


A. Note the cylindrical smooth stem of Veronica Beccabtmga^ 
bearing decussate pairs of simple leaves, separated by long 
tnternodes. 

Cut transverse sections of the internode, preferably from the 
creeping rhizome. Mount some in g%cenne, others in chlor- 
zinc-io(f!ne, and, examining first with a low power, observe— 

1. A well-marked epidermis. 

2. The cortex, a broad zone consisting of— 

a. A peripheral, slightly collenchymatous band. 

A A broad band of parenchyma, with large intercellular 
spaces, and rounded cells. 

c. A well-defined endodermis, with cutinised radial walls. 

3. The stele, consisting of— 

a, A central pith, which also has large lacume. 

A A continuous ring: of xylem^^not separated int^ strands 
belonging to distinct vascular bundles. Note the crushed 
protoxylem at its inner margin (endarch ). 

c. The phloem, which is also a continuous ring, with small 
sieve-tubes in f|roups, among the large-celled phloem-paren- 
chyma. 

d. Between the xylem and p|iloem lies a cambium, which is 
only slightly active. 

The continuous vascular ring, and the lacunar parenchyma 
are characteristic of aquatic plants : but this stem is not a highly 
specialized t^. 

B. Note me cylindrical smooth stem of the Mares-tail 
{Hippuris vulgaris\ bearing w'horls of simple leaves. Cut the 
stemlransversely, and note tha central vascular cylinder, which is 
easily seen with the naked eye, and the numerous large lacunar 
spaces present in the cortex. 



DICOTYLEDON-STEM 


65 


For the microscopic/ work fresh material may be used . if 
the material has been kept in alcohol, which gives better 
results, the sections should, after being cut, be allowed to swell 
in water before mounting. 

I. Cut transverse sections of an internode of the stem of 
Hippuris vulgaris: mount in glyceiinc and examine with a 
low power. Observe : — 

1. A well-marked epidermis with cuticle and occasional 
stomata. Here and there are to be seen radiating scale-hairs 
These occur especially m the axils of the leaves. 

2. The cortex, consisting of— 

a. Parenchyma, a bro^d band of thin-walled, chlorophyll- 
containing cells, with large intercellular spaces, or liliiunee, 
which are much smaller towards its inner limit . here the cells 
are slightly collenchymatous. 

b. The endodermis, a well-marked single layer of barrel- 
shaped cells ; note the closely-fitting radial walls, which bear 
the cutinised dot, typical of endodermis cells. 

3. The stele, or central cylinder, composed of a more or less 
copious central pith, surrounded by a ring of vascular tissue. 
The vascular ring is again in this case continuous, and not 
broken up into separate vascular bundles. Examine in detail 

a. The xyiem, forming the i#ner portion of the vascular ring, 

and consisting of annular and spiral vessels, intermixed with 
parenchyma. The protoxylem elements may be found more or 
less disorganized at its inner margin. ^ 

b. The phloem, fornTing tho* outer portion of the vascular 
ring ; the sieve-tubes and companion cells are difficult to 
distinguish : the latter are marked by their small and 
dense contents. 

c. The pericycle, whicji is badljj, defined from the phloem. 

Hippuris ij|ius shows more plainly than Veronica the reduced 

vascular conwruction commonly found in water-grovjing plants. 
The lacunae also are of larger size. 

II. Take a terminal bud of Hippuris: remove from it the 
largest external leaves, and then dissect off the inner and 
smaller leaves with needles in a drop of water on a glass slide : 
in the centre of the bud will be found the elongated conical and 

4 
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colourless apical cone. Examine it imder a low power ■ the 
smooth Cylindrical apical cone will be well seen, the inner 
tissues of It being marked by a reticulum of dark lines . these 
are the Intercellular spaces filled with air. 

Note especially the leaves, w-hich appear as rounded out- 
growths laterally on the axis the larger ones are seated lower 
down the axis, and successively smaller ones are seen as the 
apex is approached. 

III. Cut median longitudinal sections of the apical bud of 
Hippuns^ so as to pass through the elongated apical cone; 
treat with potash, or with “eau dc javelle.” and mount m 
dilute glyceiine. Examine first with a low' pow'er, and ob- 
served— , 

1. The axis, w'hich is wide below', but tapers upwards to the 
rather elongated aplcjpa cone {punctum vegetationii,). The 
axis IS composed of the several tissues already noticed. Note 
especially m the lower part of the section- 
al The rectangular intercellular spaces, divided transversely 

by diaphraigrma at the nodes. 

b. The axile vascular cylinder, or stele, which may be 
followed far up into the apical cone, and from it vascular 
strands depart to the leaves. 

2. The leaves, diminishing in size towards the apex. Note 
the scale-hairs about the bases of the leaves. 

Put on a high power, and examine the apical cone. Note— 

i. The dermatogen, a continuous layer of cells, which covers 
the apical cone externally. Trace it backwards from the apex • 
it will be seen to give rise to the epidermis. 

ii. <^he peribiem, consisting of 4-5 layers of cells, which may 
be traced backwards, and be thus shown to give rise to the 
bulky cortex. 

iii. A central cylinder of plerome, which is cpj^jtinuous with, 
and giveS^rise to, the vascular cylinder or stele. ^Compare the 
diagram Fig. 2, p. 57.) 

Note that the leaves originate from the outgrowth of the 
dermatogen and peribiem, the plerome taking no part in their 
formation. 
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?>tfm-aj^bokeous type 

I. Note the folloumg external characters of a lateral twig of 
the Lime {Tilta Enropcea)^ of the current year, taken in May, 
when about thr.ec inches long. The axis is cylindrical, smooth, 
and pale coloured it is continuous with the brown axis of the 
preceding year, the junction being marked by tlie scars pf the 
piotective bud-scales some of which may still persist.' 

The leaves arc alternate, and pctiolate ; they are disposed so 
as to give a dorsi-ventral character to the shoot. At the base of 
each petiole note right and left, two stipules, or the scars of 
then insertion : they are protective in the bud, and fall off soon 
after the buds burst in spring. Buds are found in the axils of 
the leaves. 

Examine older shoots, and note the successive increments of 
growth of former years, limited by similar scars of bud-scales. 
The brown colour is due to formation of cork, while the sur- 
face IS marked by numerous small brown excrescences, the 

lenticela. 

II. Cut thin transverse sections of the youngest elongated 

internode of a young twig of the current year . mount some in 
glycerine, others in chlor-zinc-iodine, and examine with a low 
power. Observe the following tissues in succession ^rting 
from the outside : — ^ 

1. The epidermU, a single layer of cells. 

2. The cortex, a broad parenchymatous band, limited 
internally by^ well-marked etarcb-sheatb or endode^mis (blue 
with chlor-zinc-iodine). 

3- The stele, occupying the centre, and consisting of a 
vascular ring surrounding a massive central pith. The vascu- 
lar ring is of unequal thickness, the broader regions indicate the 
dl-defined vascular bundles. 
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Examine the* sections with a hfgh^power, and observe as 
follows — 

I. The epidermis consists of uniform cells with convex cutin 
ised outer walls. 

II. The cortex is composed of a slightly eollencbymatous 
outer zone of small cells, and an inner thin-walled parenchyma 
note the large cells with mucllagrinous Tvalls, which have swollen 
so as to fill the cell-cavity. The inner limit of the cortex is the 
endodermis a regular layer of starch-containing cells. 

III. In the stele observe, next to the endodermis, one or two 
irregular layers of the perlcycle, large parenchymatous cells, 
without starch. The vascular ring is composed of a peripheral 
band^j^f immature phloem, and an inner band of immature 
xylem, between which may already be seen the zone of 
cambium : the result of its activity will be secondary phloem 
and xylem, the arrangement and structure of which will be 
studied in sections of the older stem The central pith presents 
characters similar to those of the cortex. 

In arboreous Dicotyledons the activity of the cainbiiim begins so 
near to the primary menstem of the apex, that it is difficult to dis- 
tinguish with certainty between the primary vascular tissues, derived 
from the apical menstem, and the secondary which arise from the 
cambium. As a consequence of this secondary growth the distinctions 
between the different parts of the primary tissues are obscured. 

III. Cut a four-year old twig of Lime transversely. The age 
of a twig may be judged externally by counting backwards 
the annual increments of growth from the apex, 

SrMipth the cut surface with a razor : examine with a lens, 
and ^serve .— 

1. The pith, which occupies the organic centre of the stem. 
Its position does not, as a rule, coincide with the geometrical 
centre. Jixternally to this lies— 

2. The xylem, which is here a broad yellowish band, cleaily 
marked off into a succession of concentric rings ; these, as 
a rule, correspond in number to the years of the twig (azmuai 
rlufe). 

3. The cambium lies at the outer limit of the xylem, but it 
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will hardly be recognized as a definite band of tissue under a 
simple lens, since it is a very narrow zone its position may 
frequently be recognized by the ruptuie of the tissues, the walls 
of the cambium being thin and easily broken. Outside this 

IS — 

4 The phloem, which is a much narrower band than the 
\ylcm, and is also marked off, though less distinctly, into con- 
centric rings The phloem appears to consist of darker coloured 
wedges, separated laterally from one another by lighter coloured 
masses of tissues, which are the medullary rays Trace these 
lays inwards into the xylem, where they dimmish greatly m 
width some of them may be continued through to the pith — the 
principal medullary rays. Outside the phloem he— 

5. The cortical tissue and cork, which are usually of 
insignificant bulk, compared with that of the vascular tissues. 

'I'lie general plan of the process of secondary thickening, 
and the relation of the secondary tissues to the primary 
-iiiangement are made clear by means of the diagrams A, />’, 
(., of Fig 4. 

IV From a twig of the third or fourth year, cut trans\cr.se 
sections • the sections need not be complete ones, but should 
lie such as to include all the tissues from the penphery to the 
(ontre. Mount some in glycci me, others in chlor-zinc-iodine, 
and examine first with a low power. Stirling from the periphery, 
observe — 

I. A brown band of tabular cells, arranged in radial rows 
tins IS the cork : for its origin see below under the heading of 
( ork (p. 79). 

2 The cortical parenchyma: the collenchymatoua.>, outer 
region persists, its cells showing lateral extension, and division 
hy radial walls, so as to keep pace with the increased bulk 
within, The inner cortex is crushed by the pressure from 
w ithin • many of its cells contain large crystals o| calcium 
oxalate. The endodermis is no longer recognizable. Compare 
tins with the section of the young stem. 

3. The phloem, separated into broad wedges by the widened 
medullary rays, as above noted. Examine one wedge carefully, 
and observe that it consists of irregular alternate zones of thin- 
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walled tissues, and thick-walled elements the latter are the 
phloem-fibres At its inner limit observe — 

4 The cambium, a band of narrower cells in regular radial 
series, which may be traced outwards into the phloem, and 
inwards into the xylem. 

5. The xylem, or wood, a broad zone occupying the greater 
pait of the section . it is composed of thick-walled tissues 
and IS differentiated into successive annual rings, distinguished 
by the denser autumn-formed wood and less dense spring- 
wood 

6. The pith, as befoie. 

7 The medullary rays . select one principal ray, and follow 
It out from the pith to the cortex, noting especially how it 
widens out in the region of the phloem into a broad tract. 
Note smaller rays between these, which, starting from the 
(anibium, end blindly outwards in the phloem, and mwaids in 
the xylem these are the secondary rays. 

Put on a high power, and examine the following tissues in 
det.iil — 

(/ In the phloem the phloem^fibres will be seen in irregular 
zones of cells, polygonal in section, with walls so thickened as 
.ilmost to obliterate the lumen ; they arc lignified, and show 
the middle lamella well differentiated from the layers of thick- 
ening. The thinner-walled zones between these consist of large 
dements, usually with sparing contents — the siere-tubes sieve- 
plates are occasionally seen on the oblique terminal walls. The 
small companion cells, with dense contents are always in con- 
tact with the sieve-tubes. Phloem-parenchyma cells of inter- 
mediate size, with protoplasmic contents, form a single more 
or less continuous layer bordering the fibres on either side . 
these cells sometimes contain crystals. 

^ The cambium, which appears here as a narrow band of 
cells at the inner limit of the phloem, with thin walls and 
abundant protoplasmic contents. Careful observation of a good 
section will show their tabular form, their arrangement in ladial 
rows, and that their radial walls are thicker than the tangentnd. 
Such structure indicates repeated division by tangential walls. 

c. In the xylem (excluding the medtfllary rays) the most ) 
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prominent objects are the tracheee, recognized by their large 
lumen ; they occur isolated, or in groups, and are limited by 
thickened and pitted walls, and aic without contents ; the 
smaller elements without contents and with smoother walls may 
be wood-fibre®. The xylem-parenchyxna, consisting of thick- 
walled cells with living contents, is distributed throughout the 
wood. Examine the innermost region of the wood note the 
radial rows of vessels, and how the innermost of them may be 
crushed . these are the protoxylem elements of the primary 
wood. 

Observe the alternating denser and less dense zones of the 
wood. In the denser wood, which is formed in autumn, the 
larger vessels are absent and the elements ait on the average 
smaller. In the less dense spring wood, immediately outside 
the autumn wood, large vessels are present : and thus the annual 
rings are defined. 

d. The medullary rays, in their course through the xylem, 
consist of radially elongated, lignified, thick walled, and pitted 
elements, with living contents. They have special cambium- 
cells of their own . passing outwards to the phloem, the cells 
assume thin, cellulose walls, and show active tangential growth 
and division : thus producing the broad inverted wedges 
above noted. 

c. The pith, consisting mainly of thin-walled cells, with 
cellulose walls, and intei cellular spaces. Here and there aie 
smaller rounded cells, with thicker walls, and more plentiful 
contents. Mucilage cells are present. 

V. Cut 1 adial sections from a four-year-old stem of Lime, and 
mount in glycerine. Other sections may be mounted in chlor- 
zinc-iodine, and these will peiliaps be found the most useful ; 
examine first under a low power. 

It will be found difficult to cut good sections so as to include 
the whole radial surface . it is therefore better not to attempt 
It, but to study the several structures m a number of succes- 
sive sections, each extending over only a part of the radial 
surface. 

Starting from the outside, observe the same succession of 
(‘'issues as already seen m the transverse sections, but the 
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epidermis has usiMy been thrown off, owing to the formation 
of • — 

I The band of cork, w'huh ptesents the same appearance as 
in the transverse section. (Sec p. 79, ^c.) 

2. Within this IS the cortical tissue, with large mucilage 
cells, and crystals. 

3 The phloem, consisting of alternating bands of thin- 
w.dlcd tissue and phloem-fibres. 

4 The cambium, an ill-defined streak of tissue, at the inner 
limit of the phloem. 

5. The zylem, witli thick hgnified w'<ills, the vessels appeal- 
ing as large tubular ca\ities. 

6 If the section be truly radial the medullary rays will 
appear as narrow bands of tissue, following the plane of the 
sec tion. 

7 The pith, consisting of parenchymatous cells as before 

Examine the following tissues in detail with a high power. 

a. In the phloem, the phloem fibres are to be observed as 
n.iiiow, elongated, finely pointed cells, with very thick walls, 
forming compact strands In the spaces betw^een these obsene 
the sieve-tubes broad tubes with thin cellulose walls, within 
which the contents appear massed at inteiwals, thus indicating 
the positions of the obliciue teiminal walls, which bear the 
sieve-plates : they aie here presented m surface view Try to 
observe the sieve-plates dotted areas, tliiee to fi\e of which 
are present on each oblique w’all they aic best seen lust 
outside the cambium. Closely adjoining the sieve-tubes aietlie 
nariow companion cells, and the shoiter cells of the phloem- 
parenchyma, W'hich arc difficult to distinguish from one 
another in radial section. 

Stain some sections with eosin fora few minutes, carefully 
washing out the superfluous stain with water this wall bung 
the sieve-tubes into prominence, owing to the deep staming of 
their contents. 

/a The cambium, which appears hcie as a nairow band of 
cells with thin walls, and abundant protoplasmic contents 'I he 
form of the cambial cells is difficult to make out, but a 
observation of a good section will lead to the conclusion thaf” 
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the form of the cell as seen in the radial section is oblong and 
very Harrow, with square ends. Compare the diagrammatic 
figure (p 77). 

c. In the xylem, excluding for the present the medullary rays, 
observe the following efements, all of uhich have lignified 
walls, viz., — 

Vessels of various orders, which may be grouped as spiral 
▼essels (protoxylem) found at the central part of the xylem, 
next the pith they are usually more or less disorganized. 

Most of the trachea? of the secondary wood have both pitted 
and spiral markings on the same wall, but a few pitted vessels 
without the spiral arc found next the protoxylem. 

Note in the larger tracheae the points where the transverse 
or oblique septa have been partially or completely absorbed. 
Those trachem in which this occurs arc designated vessels ; in 
others no perforation takes place, these are called tracheides. 
The xylem-flbres arc distributed generally throughout the wood : 
they are seen to be elongated, pointed elements with small 
simple pits on their walls The xylem-parenchyma consists of 
longitudinal strands of short cells ; mostly with transverse 
ends • the walls are lignified and pitted, and the cells have 
living contents, often also with starch 

d. Examine the medullary rays in the xylem they are com- 
posed of oblong cells, with their longer axes horizontal, arranged 
like bricks in a wall in characters they resemble xylem- 
parenchyma. 

In the phloem, the cells of the ray are polygonal with thin 
cellulose walls. Many mucilage cells are also present. 

VI. Cut tangential sections through the xylem of a stem of 
Lime, an inch or so m diameter . treat with acid solution of 
aniline sulphate, and mount in glycerine others should be 
mounted in chlor-zinc- iodine. Observe first with the low 
power 

I. The medullary rays of varying size they are tracts com- 
posed of small rounded cells, and are continuous only for a 
short distance up and down the stem. Some will consist of a 
single layer only, others may be two, three, or more layers 
Ihick. Examine one of the latter with a high power, and note 
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the roundish cells with thickened hgnified and stratified walls . 
they contain protoplasm, and often in the autumn starch 
Observe the small triangular intercellular spaces between them. 

By comparing transveisc, radial, and tangential sections it 
will be seen that the medullary rays are narrow parenchyma- 
tous plates, radiating outwards from the centre, and that they do 
not extend far up or doum the stem. 

2. The xylem-pareuchyma as before described note that the 
cells are arranged in vertically disposed, spindle-shaped groups. 

3. The wood-fibres, elongated, pointed, spmdled-shaped cells, 
w'lth smooth walls, occasionally marked by simple pits. 

4 'I'lie tracheee, as befoie note that they also arc dciivcd 
from spindle-shaped cells, and observe specially the peiforations 
of the septa m the vessels, which aic better seen here than 
m the radial section. In the tracheides the septa arc not 
perforated. 

VTI. Cut tangential sections of the phloem, so as to ti averse 
the youngest tissues just outside the cambium stain with eosm, 
wash thoroughly in w'ater, and mount in glycerine . observe 
first wath a low pow'cr — 

I. The medullary rays, which on the average are here 
much broader than in the xylein . their cell-walls are thin and 
unlignified. 

2 The phloem-fibres, which are very long and pointed, and 
disposed in irregular sinuous strands ; their walls arc thick and 
lignificd. 

With the high power examine the softer tissues, and observe — 

3 The sieTe-tubes marked by the pink staining of their 
contents by the eosm. They are wide tubes, derived fiom 
longitudinal rows of spindle-shaped cells . c.\aminc especially 
the oblique terminal w'alls ; these bear the sieve-plate*. already 
observed in surface view in the radial section here they are 
seen on edge. 

Focus carefully upon the terminal wall, and note the thick- 
ened portions which separate the thinner sieve-plates fiom one 
another ; the sieve-plates themselves appear minutely dotted, 
owing to their perforations. Note that the contents of the 
sieve-tubes are massed in the neighbourhood of the septa. 
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4. The companion cells, very narrow cells lying side by side 
with the sieve-tubes, and of the same length as their segments. 

5. Phloem-parenchirma, short cells with transverse or oblique 
termiftal walls, arranged m spindle-shaped groups : many of 
the cells contain crystals of calcium oxalate. 

vffl. Cut tangential sections through the cambium of the 
stem of Lime ; treat with dilute potash, or “ eau de javelle,” and 
mount in glycerine. Examine first with a low power, and note 
that the general arrangement is similar to that already seen in 
tangential sections through the mature tissues, also that the 
form of the cells, in each part of the cambium-zone, is like 
the average form of the elements of the mature portion of 
wood or bast, which borders on it m a radial direction. Thus 
the cambium is differentiated into— 

1. Cambium of medullary rays, which appears to consist ot 
roundish cells, resembling cells of the mature medullary rays in 
form. 

2. Cambium, from which all the other tissues are derived, 
the cells of which have a prismatic form. 

To gam a clear idea.of the process of secondary thickening 
the actual form of the cambium-cells and their arrangement 
must be recognized : as stated above (p. 6), it is necessary, in 
order to fully realise the form of a cell as a solid body, to cut 
sections m three directions at right angles to one another • the 
cambium-cells have now been seen in transverse, radial, and 
tangential sections, and the results are represented diagram- 
matically in Fig 5, A, B, C, which are based upon results of 
Same’s investigations of Putus, but the mam points are the 
same for Dicotyledons. 

Fig. 5, A, shows diagrammatically four radial rows of 
cambium-ceils (i, 2, 3, 4), as seen in transverse section: of 
these row (2) is a medullary ray. Note m row (3) the single 
initial cell (z), oblong in transverse section, and the shorter 
diameter placed radially ; accordingly to Sanio’s law of cambial 
division there is only one such initial in each radial row : from 
this successive segments {w w) which go to form wood have 
been cut off on the inner side, others (^, b^) which go to form 

lM.st on the outer side : each is represented in the diagram as 
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dividing into two by a penclinal wall ; this is typically the case 
in Pinm^ but the division is not so regular m Dicotyledons In 
row (i) is lepresented a segment (7e'), recently cut off from the 
initial cell on the side next the wood, m which this division has 





not yet taken place ; in row (4) there is a similar undivided 
segment {b) which, after division will go to form bast. 

Fig. 5, B, shows diagrammatically the arrangement of the 
cells of one of these rows (3;, as seen in radial section . the 
length of the cells is much greater than their width, and the 
ends are square : i is, as before, the initial cell of the row : iv w, 
pairs of cells formative of wood ; b, pans of cells formative 
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of bast : w ns a medullary ray put m so as to show the relative 
position and form of the cells. 

Fig. 5, C, represents the appearance of the cambium cells 
7 , 7, 7, in tangential section . they arc obliquely pointed, and 
their width corresponds to that shown in A . 7n r, as before, 
the medullary rays. 

Fig. 5, D, shows the form of a single isolated cambium-cell 
as a solid body, drawn to the same scale as the other figures : 
if such a cell be cut transversely, radially, or tangentially, it 
would give the appearance presented by the initial cells (7) in 
Figures A, B, and C. 

Taking cells of this form as a starting point, the several tissues 
above described are derived from them in the following 
way 

(i.) Phloem — a. Sieve-tubes, by lateral distension, and 
conveision of the oblique walls into 
sieve-plates. 

b. Parenchyma, by division of the cells by 

tran verse septa. 

c. Fibres, by elongation and interweaving of 

cells, the width of the cells at the 
same time being relatively reduced ■ 
the end of the cells slide past one 
another as the cells elongate. 

(ii) Xylem — 77 . Vessels, by lateral distension, and absorption 
of cell-contents, and of the oblique 
walls. 

b. Parenchyma, by division of the cells by 

tranverse septa. 

c. Fibres, by elongation and interweaving of 

the cells, while the width of the 
individual cells is relatively redyced. 

Observe intermediate stages between cambium-cells and 
these several mature-tissues : this may best be done in sections 
cut from stems in early summer. 

IX. Treat some small pieces of the wood of the Lime with a 
small quantity of Schulze’s macerating fluid (see Appendix A) 
in a test tube, and warm gently till the tissues break up, and 
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the several constituents begin to separate : then wash with 
water, and mount a very sm:ill quantity in water or glycerine. 

Some at least of the constituents will be found lying sepa- 
rately, or may be detached by slight pressure, on the cover- 
slip ; the true form of the wood-fibres, as elongated, spindle- 
shaped cells, will now be seen Note also tracheae of the 
various types above described, the xylem-parenchyma, and the 
parenchyma of medullary rays. 

Pieces of some harder w-ood, such as the Elm or Oak, may be 
similarly treated Note in these that the wood-fibres are more 
numerous and longer, and m the Oak the great wadth of the 
vessels. The wood-parenchyma is also well seen in these 
woods. 

X. Examine with the naked eye or wath a lens complete 
transverse sections of old stems of various trees, Lime, Elm, 
Laburnum, and Oak. Note that in the Lime there is no obvious 
differentiation of the wood In the Elm, Laburnum and Oak, 
the central portion of the wood is darker in colour and harder . 
this IS the duramen or heartwood. The peripheral part is paler in 
colour and softer . this is the alburnum orsapwood. Compare 
also the black duramen and pale alburnum of Ebony, the red 
dm amen of Logwood, &c., &c. 


Cork, Bark, .\nd Lenticels 

XL The presence of cork and lenticels has been already 
noted above to study the origin of the cork in the Lime, 
examine transverse sections taken from twigs of the current 
year, at a point where the colour of the stem changes from 
green to pale brown. Note the superficial epidermis, as above 
described : here and there a lenticel may be traversed, appear- 
ing as a superficial prominence . these are better obseived in the 
Elder (see below, p. 8i). The cork-forma-tion, which is called 
collectively the periderm is a secondary formation : it makes 
Its appearance in the cortex immediately below the epidermis, 
where the cells undergo repeated divisions parallel to the 
surface : as a result its cells are arranged in radial rows, with- 
out intercellular spaces. Select a thin ’part of the section for 
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special study of these radial rows, and note m each the following 
succession of tissues, passing from without aiwards 

1. A series of cork-cells, which arc rcctangailar, and, if 
numerous, aie arranged m radial rows . their walls are thin and 
cutinised ; they stain yellowish brown with chlor-zinc-iodine. 
Protoplasmic contents are absent from the older edife. 

2. At least one cell with very small radial diameter, a!^ with 
protoplasmic contents, and thin cellulose walls . thiS '% the 
cork-cambium, or phellogen. 

3. Cells with thick cellulose walls, and protoplasmic ^ontents 
with chlorophyll . no intercellular spaces • this is the phello- 
derm, which is also derived from the cork- cam bifim. 

Treat a thin section with concentrated sulphun^acid . the 
walls of all the tissues will swell, and gradnaily lose their 
sharpness of outline, with the exception of the cuticularized 
outer wall of the epidermis, and the cork, both of which resist 
the action of the acid. A similar result may be obtained on 
treatment with strong chromic acid. 

By comparing sections of twigs of various ages, starting from 
the youngest, the following fiicts may be established — 

i. The cork-cambium appears in the layer of cortical cells 
immediately below the epidermis. 

II. These cells divide parallel to the external surface of the 
stem. 

III. The result of successive divisions m this direction is the 
formation of secondary tissues, which develop externally as 
cork, internally as phelloderm. 

IV. The ‘true cork-cambium consists of only a single cell in 
each radial row, from which, by successive division, all these 
secondary tissues, are derived ; compare cambium of vascular 
bundles. (See above, p. 76, &c.) 

v. The cells of the cork-cambium occasionally divide 
radially. 

The diagram (I* ig. 6) will help to make this plain. 

In older stems of the Lime, the cork will be found as a brown 
superficial band, but the epidermis will have dried and peeled 
off. 

Successive bands of similar cork may be formed in the inner 
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cortex, pencycle, or even traversing the phloem, cutting off 
successive bands of tissue outside them These bands, together 
with the cork, are called bark. As examples, examine old stems 
of Elder, Vine, &c. * 

XII. Note on a stem of Elder of the current year, numerous 
brown excresnences, scattered over its surface these are the 
lenticela. Cut transverse sections, so as to pass through one 
01 more^f these, and mount m chlor-zmc-iodme. The lenticel 
IS seen to project beyond the general surface of the stem, while 


A R 



Fig 6 —A, B, Dugram*; illustrating the formation of peritlerni in the layer of cells 
(2) directly below the epidcinub (1) A shows the first penchnal division of 
the hypodermal hiyerfi) H shows .is the result of repealed periclinal divisions 
a radial row of celK, of which tlu- mitei portion (a) is of cork. , the inmost portion 
(() is the phclloderm • these are separated by a single cell {i), which represents 
the cork-c.-tnibiuni 


the epidermis curves outward, and if the lenticel be old, it will 
be ruptured if the lenticel be young, the epidermis may still 
be continuous, and a stoma may be found at its centie 
Below the epidermis will be a spongy mass of rounded cells, 
with large intercellular spaces, which arise from an active 
cambium below. As the stem grows older, this cambium may 
l)c traced as continuous, right and left, with the ordmaiy cork- 
cambium. In the autumn the lenticel is closed at its base by 
an air-tight band of cork . this may again rupture in a suc- 
ceeding season. 


Note on Crystals. 

I To investigate the nature of the crystals several times 
observed in the parenchyma of the steip of the Lime, cut 
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tangential sections of the phloem or of the cortical tissue, 
mount in water, and having found one or moie crystals— 

1. Run some iodine solution under the cover-slip : the 
crystal is not stained. 

11 Acetic acid . it is not attacked 

111. Dilute nitric acid it is more or lesi* completely 
dissolved. 

iv. Irrigate a fresh preparation with a small quantity of dilute 
sulphuric acid the crystals will be dissolved, and crystals of a 
different form (calciirm sulphate, which is not readily soluble) 
may be seen to be formed in the fluid 

These reactions, coupled with what can be q^certained fioin 
analysis of the ash of the plant, point to the conclusion that 
these crystals consist of calcium oxalate. 

II Cut transverse sections of the petiole of some species of 
Begonia ; mount in water, and examine under a low power 
Here and there will be found large bodies of a more or less 
distinctly crystalline form occupying the cavities of certain cells 
Their form is very complicated, and their size variable. 

The reagents above applied are to be used : the results will 
be similar. Thus they also may be shown to consist of calcium 
oxalate. Crystals giving the above leactions will be found in 
the tissues of most plants. 
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■ LATICIFEROUS TISSUES 

Of all the occasional tissues, which occur in plants the most 
important arc the laticiferous tissues, which are commonly 
found m certain natural orders, such as the Papaveracem, 
Euphorbiacea', Composite, &c. 

The matcriai for the study of these tissues should be prepared 
by treatment with alcohol to coa^mlate the latex. Care should 
be taken to place the material in alcohol directly it is cut, or 
at least the cut surfaces should be wetted with alcohol so as to 
check the flow of latex from them. If the latex be allowed to 
escape, the laticiferous tissues are emptied, and are then much 
less easily traced than when they arc full. The best method 
IS perhaps to preseive the whole plant without injury in alcohol, 
in Mhich case the latex will not be lost at all. 

Draw from a piece of the fresh stem of Euphorbia a drop of 
latex upon a slide . examine it cjuickly under the microscope, 
and observe that the fluid is at fiist almost uniformly milky, but 
that in a short time a coaguium separates in irregular masses 
fiom the more transparent fluid. The coagulation is effected 
more completely and rapidly on addition of a drop of 
alcohol. 


1 . Laticiferous Vc'iscls. 

1 Cut tangential sections from the phloem of the root of 
the Dandelion {Taraxacum officinale)^ treat w'lth potash and 
mount in glycerine, and w'arm ; examine under a low power. 

The main constituents of the tissues are parenchymatous 
cells, with thin walls (phloem-parenchyma) sieve-tubes are to 
be met wnth here and there. The whole mass of tissue is 
peimeated by a ramifying and profusely anastomosing net- 
work of latleiferotts vessels. The communication of these 
tVlbc.'j with one (another ]s demonstrated hy the continuity of 

2 
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their coagulated contents (latex), which appear brown and 
granular 

The course of the vessels is mainly longitudinal, while 
lateral, horizontal branches frequently connect the parallel 
tubes. 

With a high power make out more accurately the course of 
a group of the vessels, and observe especially any indications 
of breaking down of septa originally present. The development 
which can be studied in young material, shows that these tubes 
are the result of cell-fusion. 

II. Cut transverse sections of the same ; mount in glycerine, 
and examine with a low power. 

The laticiferous vessels appear circular in transverse section, 
and have brown contents . they are distributed in groups, which 
form more or less legular concentric rings round the central 
xylem. They may be recognized still more distinctly in sections 
stained with alkannin, or with potassium bichromate. 

Note in these sections the presence of Bphere>cry8tals of 
inulin : in the former section they will have been partially or 
completely dissolved by the treatment with potash. Observe 
that they are formed quite irrespective of the cell-walls, which 
are often included in them. 

ii. Laticiferous Cells. 

I. Cut tangential sections of the cortex of Euphorbia 
splendcns (other species will do) just outside the vascular ring, 
and mount in water, or dilute glycerine ; or stain with alkannin, 
and mount in glycerine. 

Examine with a low power. 

Running through the cortical parenchyma will be seen long 
tubes, with thick cellulose walls and granular contents. These 
are the laticiferous ceils, which differ from the preceding in 
being developed, not by fusion of originally distinct cells, but 
by continued apical growth of single cells. 

Note cases of branching of these cells. 

Included in the granular contents are starch-g^rains of 
peculiar dumb-bell form. 
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Treat sections with iodine solution, and observe the effect on 
these bodies. 

II. Cut tranverse sections of the same stem, and note the 
distribution of the laticiferous cells , they mayl^e recognized by 
their walls, which are thicker than those of the surrounding 
tissues, and appear circular in section. 

III. Separate the whole cortex fiom a piece of the stem ; 
boil It in potash for about five minutes, and tease out the long 
laticiferous cells with needles; mount and observe with a low 
power. They appeal as long cylindrical tubes, uith thick walls. 
Observe occasional branching. They aie usually broken at 
the ends, the length of the tubes being greater than that of the 
pprts teased out. 

The parenchymatous tissues of Euphorbia splendens 
c ontain within the cells numerous crystals of reserve proteid 
material : their form is variable. They stain yellowish brown 
with iodine solution, and are not readily soluble in salt 
solution. 
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LEAF 


A. — PETIOLE 


Observe that the mature leaf of the Sunflower consists of an 
upper, flat, expanded portion — the lamina, and a lower, narrow 
stalk — the petiole, by which it is inserted on the stem. Note 
the channelled upper surface of the jictiole, and the broad 
insertion on the stem • in the angle between the petiole and the 
stem may usually be observed an axillary bud, or ahoot. 

I. Cut transverse sections of the petiole, and mount in 
glycerine. The details of structure resemble in many lesperts 
those of the young stem, from which the petiole differs in the 
following points •— 

1. The general outline of the section is seni^nar, the con- 
cave being the superior (adaxlal), while the convex is the 
inferior surface (abaxlal) . thus the petiole is dorai-ventral 
whilst the stem is radially symmetrical. This property extends 
also to the arrangement of the vascular bundles, of which the 
xylem is as a rule directed towards the upper surface of the 
petiole. 

2. The presence of occasional stomata j beneath each stoma 
the collenchyma is leplaced by chlorophyll— containing paren- 
chyma with intercellular spaces. Note beneath each stoma an 
enlarged intercellular space — the air-chamber. 

3. The vascular bundles are arranged in a curve following the 
outline of convex surface of the petiole : there are usually three 
larger bundles of which one is median, and a varying number 
of smaller ones. 

4. The absence of interfascicular cambium : the bundles 
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are for a short time at least, open bundles, having an active 
( ambium. 

5 No general endndermis is present 
B —LAMINA 

1 Take a piece of the lamina of the leaf of the Sunflower, 
including the apex it is important that it should be pieviously 
bleached by treatment with alcohol warm it gently m a mix- 
ture of dilute glycerine and potash, and mount m glycerine 
examine with a low power, and obseive — 

I. The midrib, with its strongly marked vaBcular bundle, 
limning up to the apex of the leaf, where it terminates abruptly 
in a mass of glandul.tr tissue. 

2 Lateral brancb*bundleB — the ribs or nerves — passing off 
fiom It, .and forming a network by fiequcnt anastomoses, vchile 
some of them run up into .and terminate m the seriate projec- 
tions of the margin of the lamina. 

3 Smaller branch-bundles sometimes showing blind endings 
in the parenchyma w'hich fills the meshes of the network. 

4 Examining the specimen more closely, numerous mulli- 
( ellular hairs will be seen projecting from the surface, while 
included m the superficial epidermis, which consists of tabul.ii 
cells, will be sefen numerous stomata e.ach of these has tvo 
guard-cells, and their orientation is irregular. 

II. As the Lamina of the Sunflower is not a convenient one 
for cutting in section, the Privet {Ligustnim vu/gan) will be 
taken. 

Good sections may be obtained even from fresh material by 
holding a piece of lamina between slices of pith ; or by folding 
the whole lamina repeatedly, .and cutting sections fiom the 
whole mass. Although the material is fiesh, it wall b*" found 
convenient to keep the razor moist with alcohol while cutting 
the sections. The direction of section should be such as to cut 
the midrib transversely : select the thinnest section : mount m 
glycerine, other sections in chlor-zmc-iodme, and examine first 
with a low power : — 

_ Note the outline of the section : it is of uniform width, except 
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where it expands at the midrib, which projects on the lower, or 
abaxial surface The midrib is traversed by one large vascular 
bundle, of scmi-cirnilar outline. Note its xylem diicctcd 
towards the adaxial surface this is the common disposition of 
vascular tissues in the lamina. 

Starling from the upper surface, examine m succession the 
tissues composing the thinner parts of the lamina, which will be 
recognized as follows . — 

1. The upper epldermlB, a single continuous layer of cells 
with cellulose walls surrounding the protoplasmic body . the 
superficial wall is slightly thickened, and cutinised in sections 
treated with chlor-zinc-iodine the cuticle appears as a continuous 
yellow film. 

2. The palisade parenchTina, one or two layers of columnar 
cells, with their longer axis perpendicular |p the outer surface. 
Each cell is thin-walled, and contains a protoplasmic body, and 
nucleus, with numerous chlorophyll-grains. Note the narrow 
intercellular spaces intervening between the cells. 

3. The spongy parenchirma, composed of cells similar to the 
above, but loo'sely parked, of very irregular form, and with large 
intercellular spaces. These two tissues constitute the meso- 
phyU. Occasional cells of this tissue contain crystals of 
calcium oxalate. 

4. The lower epidermis, similar to the upper, but less 
regular, covers the lower surface. Occasional glandular hairs 
will be found, with their short stalks sunk in depressions of the 
surface. 

5 Numerous smaller vascular bundles are found embedded 
in the mesophyll . many will be cut obliquely, and their struc- 
ture will be obscure : those cut transversely will show the xylem 
towards the upper surface, and phloem towards the lower. 

Examine sections of the stomata in detail, under a high 
power. As in the Sunflower, the orientation of these is irregu- 
lar, and many therefore will be cut obliquely. Having found 
one cut transversely, note the two small guard-cells, seated 
towards the outer surface : the pore between them opens into 
the intercellular spaces of the ventilating system. 

111. Cut tangential sections from the upper and lower surfaces 
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of the leaf of Privet, so as to show the superficial tissues in 
surface view mount in glycerine, with the outer surface upper- 
most, and examine the thinnest portion with a high power 
Note • — 

I That the upper epidermis consists of tabular cells, with 
thickened and pitted lateral walls, and without any intercellular 
spaces . each cell has a protoplasmic body and well-marked 
nucleus. Stomata are absent. 

2. That the lower epidermis consists of similar tabular cells, 
w'lth thinner walls numeious stomata are present, distributed 
without any regularity of orientation Examine a stoma in 
detail, in a thin part of the section, and observe the two sausage- 
shaped ^ard-ceUs, of equal size. These surround and control 
the pore of the stoma, which will usually be found to be closed 
in the dead state, - Note their protoplasm and nucleus, and 
numerous chloro^asts. Run in an iodine solution, and note 
the blue colouration, indicating the presence of starch, which is 
absent from other epidermal cells. The glauduliu* hairs will 
lie seen, scattered here and there, presenting a rosette-like 
appearance. 

IV. As a good alternative to the Privet, the leaf of Ivy {Hcdera 
Helix) may be used • the structure is essentially the same, but 
the following differences may be noted The palisade cells aic 
square rathif than oblong, glandular hairs are absent 
sclerenchyma and occasional resin passages are fo^nd about the 
larger veins. 

The Holly {Ilex aquifolium) may also be cut, but it is a 
xerophytic type. In sections treated with chlor-,:inc-iodme, 
examine the epidermis under a high pow'er its outer wall is 
thicker than the rest, and is differentiated into — 

a Cuticle, a continuous, well-defined and highly-refractive 
layer, covering the whole epidermis externally . this stains 
yellow with chlor-zmc-iodine. 

b. Cuticularised layers, of gianular appearance, and stained 
a deeper colour than {a) with chlor-zmc-iodine ; they are inter- 
mediate in properties between cuticle and true cellulose. 

c. The cellulose^layer, which abuts or the cavities of the 
cells ; this stains blue w'lth chlor-zinc-iodine. 
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Note the presence of an additional layer of hypoderma, a 
strengthening tissue, which is immediately below the epidermis 
and consists of a single layer of cells at the midrib it may 
widen into two layers the walls are pitted, and stain bluish 
with chlor-zmc-iodmc 

V. Included Starch-grains. — These maybe observed in the 
cells of the mesnphyll of any leaf which has been exposed to the 
light, under conditions suitable for assimilation, or m the guard- 
cells of the stoma : but they may be seen with special ease in 
Fern prothalli which have been exposed to bright sunlight for 
some hours, and then bleached in alcohol 

Mount the transverse section of a leaf, or a bleached 
prothallus in water, or in weak glycerine ; examine under a high 
power, and note the bleached chlorophyll-corpuscles, or chloro- 
plaats, in which highly refractive granules may often be seen. 

a Stain with iodine solution ; the ehloroplasts will assume 
a dusky bluish colour, the blue tint being more or less dis- 
tinctly localued m the highly refraclice granules (starch- 
grains) above noted 

if. The presehce of the included starch-grains may be more 
clearly demonstrated by causing them to swell : this may be 
effected in various ways, 

i- Mount m glycerine and iodine, and warm . the high 
temperature will swell the starch, which w'lll at the 
sa|||f time stain woth the iodine, 
ii. Treat with potash, and, after carefully washing out the 
alkali, stain with iodine. 

ill. The best method is, however, to treat the bleached 
specimens for some hours with a solution of iodine m 
chloral hydrate : the included starch-grains are simul- 
taneously swollen and stained blue. 

VI. Water stomata and marginal glands. — Examine leaves 
of the Fuchsia.^ and observe that the tips of the leaves and the 
marginal teeth are terminated by slightly swollen, opaque 
masses of tissue : these are the marginal glands, and drops ol 
water exuded at those points may be seen in the morning, ot 
on plants kept during the day in moist atmosphere at a high 
temperature. 
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Cut off a piece of tRe margin of a leaf and examine it under 
a low power a large stoma (water-Btoma) may be recognized 
at the apex of each tooth • below it is a pad of opaque tissue 
(the gland) to which a vasculai bundle runs up, and in which it 
ends. 

From material w^hich has been hardened in alcohol, cut off 
with a razor the extreme tips of sc\eral of these teeth mount 
with the outer surface uppermost on examining these, the 
extieine apex, with the w'atef-stoma wall be seen m suifacc 
\iew’ Note the size of the stoma, and that the pore is widely 
expanded. 

Cut longitudinal sections so as to follow the x ascular bundle 
up to the marginal gland, and to traxerse the gland in a 
median plane. Selecting a .section which is ically median, 
note, in the part of it fuither from the tip, the epidermis, 
raesophyll, and the xasculai bundle surrounded by a parenchy- 
matous sheath following these up towards the tip obserxe the 
epidermis which is continuous, xvith the exception of the xvidely- 
gaping w’ater-stoma at the extreme apex the form of the guaid- 
cells as seen in section is simplei than in ordmaty stomata The 
X ascular bundle widens out towards the tip, and the vascular 
elements terminate m the pad of closely-packed parenchyma of 
the gland (epithema) theie is a large cavity below the xvater- 
stoma. 

Special attention should be paid to the chalk<4|j||ud8 of the 
Saxifragaccp {eg. Saxifraga crusiata) in xvhuh the structure of 
the marg-inal gland is extremely w^ell seen, while the accretions 
of chalk deposited by the evaporating water are easily le- 
cognized with the naked eye. S. oppositifoha or N. iimbrosa 
(London Pride) xvill afford excellent material for the study of 
these glands. Compare also various Oyufulaeeff. 

Tieat some of the accretions with acetic acid, and note their 
solution with evolution of bubbles of CO.^. 

Leaf-^Ciirf and Fall of the Leaf 

On twigs of the Lime cut in winter, note the buds, both 
terminal and lateral, and below each an <‘val scar which indi- 
cates the surface of sepaialion of a leaf when it fell m autumn 
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the surface of the scar is brown, and the slightly projecting 
dots upon it are the broken ends of the vascular bundles which 
ran out from the stem into the petiole. 

Cut longitudinal sections so as to pass through a scar, 
and select for observation one of those which has followed up 
the course of one of the vascular bundles to the surface of the 
scar : mount in glycerine, and observe below the scar the 
tissues as above described for the stem (p, 67), At the 
level of the scar the following structural points are to be 
noted •- 

1. The rough and irregular outer limit of the tissues, with 
dried up remains of cells often projecting beyond the general 
surface. 

2. The dark brown band of cork, with phellogcn on the inner 
side, continuous with that of the stem, traversing the leaf-base 
as a continuous protective sheet. 

3 Lying outside the cork is a dried up mass of effete tissue. 
The outermost surface of this has been laid bare by the rupture 
of the abcisB-layer. 

4. The abstriction of the vascular bundle by invasion of 
parenchyma, capped by cork . also note that the vessels of the 
xylem are laterally compressed by the adjoining cells, and they 
are thus closed below the surface of the scar. 

Sections should also be made from material taken in autumn 
Just before jj^ie period of the fall of the leaf, so as to see the 
changes in the tissues at the base of the petiole which precede 
the rupture. In longitudinal sections through the base of such 
a leaf note the origin and position of the abcUs-layer, where 
the rupture takes place : also that the tissues of the leaf above 
it are almost empty with the exception of crystals : those of 
the stem, below the layer of cork, have plentiful protoplasm 
and starch. 

Comparisons may also be made of similar material of the 
Poplar, Ash, Walnut, or Horsechestnut, which are well adapter 
for illustrating the process of defoliation. 
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Obscn>ations with the Naked Eye. 

(icrminate seeds of the Broad Bean or of the Pea, m rocoa- 
nut fibre or pure vegetable mould, at a moderate temperature, 
till the primary root has attained a length of six to eight inches 

Note with the naked eye— 

I. The seed, from which the testa can easily be removed, 
disclosing — 

2 The two fleshy cotyledons ; betn cen these — 

3. The plumule, which develops early as a stem, bearing 
foliage leaves. 

4. Below the cotyledons a short hypocotyledonary stem, 
not clearly marked off externally, except by colour, from— 

5. The primary root, on the upper part of which are— 

6 Numerous secondary or lateral roots. These are formed 
in acropetal order, and are arranged m regular longitudinal 
lows, usually four in number. On the youngest part of the 
primary root no lateral roots arc to be seen. 

Observe that particles of the soil, &c., adhere to the 
older parts of the roots, while the younger apical paits come 
out of the soil quite clean : this is due to the fact that root- 
hairs are present on the older parts, but not on the younger 
parts close to the apex. 

Microscopic Oh^eroations. 

The sections may be cut from quite fresh roots, kept in water 
till the time of cutting, so as to be firm and resistant . or the 
ntaterial may be hardened in alcohol fon^oine days. The root 
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may be supported by pieces of pith while cutting . mount some 
sections in glycerine, others in chlor-ziift-iodine. 

I. Observe the following tissues, starting from the periphery • — 

1 The piliferouB layer, a single superficial layer. vSingle 
cells of this layer will be seen to have giowm out perpendicularly 
to the surface as root-hairs, w'hich as a rule are not branched, 
and are of cylindrical form, with thin cell-walls . particles of 
soil may be found attached to many of them 

2 The parenchymatous cortex, a broad band of thm-w-alled 
tissue, with intercellular spaces,iimited internally by — 

3. The endodermis : this is a single layei of cells, ha\ mg the 
characteristic dark dot on the radial w.ills. 'Phis is due to 
reflection of light from the peculiar sinuous waves of the 
central part of the radial walls The oblique part of each 
wave acts as a reflector, so that the gicatci part of the light 
IS diverted before it reaches the eye hence the oiigin of the 
dark dot. Within this lies — 

4. The stele, composed of the following parts . — 

a. The pericycle, an undulating band of thin-walled cells, 
which IS a single layei in thickness opposite the phloem, but 
opposite the xylem it consists of two to three layers of cells. 

A The primary xylem, consisting of radiating groups of 
elements, which are the most strongly marked tissues of the 
young root. The number of these is most often four, but it is 
subject to variation, and may be as high as six, while in the Pea 
It may frequently be only three. The groups of xylem have 
dark lignified walls (test w'lth aniline sulphate), and resemble 
the primary xylem of the stem. Note that the smallest 
elements, the protoxylem, are at the periphery of each strand ; 
the xylem is therefore exarck, and its development centri- 
petAl. 

c. An equal number of strands of primary phloem are 
found, alternating with the xylem-strands. These several 
groups of elements are separated laterally from one another by 
bands of— 

cl. coiijunctiTe parenchyma, which also forms the thin-waliccl 
central pith. 

II. Cut sections successively at older points tp the same 
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roots, treat as before, and obser\e the mode of origin of the 
lateral roots, noting more especially the following faqls . — 

a. The lateral roots arise opposite the groups of primary 
xylem this explains then arrangement in four rows as abme 
obsened with the naked e)C, since the Jiumber of groQps of 
primary xylem is usually four. 

/i The pencyclc, by actne meristematic div ision, gives rise to 
the lateral root. 

r. The cells of the endodeimis, and some of the cortex, also 
divide, giving rise to a digeatWe aac, outside the >oiing 
root. 

In the older lateral roots it ma> be seen that their wist ulai 
svstem IS continuous with that of the mam pot. 

c The lateral roots, increasing in length, burst through the 
outer layeis of cortex and the ])iliferous layer since they 
oiiginatc from deeply seated tissues and rupture the more 
supeificial ones, they are said to be of endogenous oiigin. 

The roots of LegununoscU are liable to the foimalion of root- 
tubercles, w'hich originate in a position similar to lateral roots, 
and are apt to be mistaken foi them when young 

III. As an alternative type of root /ui/iu;jiu/us <ims may be 
taken : the roots are fibrous, and bear few lateral-roots. Select 
one of the thickest, and from fresh, or spirit material, cut trans- 
verse sections at a point distant from the ajiex. Treat with 
' austic potash solution, and aaount in glyceime. Observe suc- 
cessively the following tissues, starting from the periphery — 

1 The t>lUferouB layer, of rather irregulai cells, with but few 
lOot-hairs. 

2 The cortex, the outermost layer”«of which directly within 
the piliferous layer is the exodermla j its cells regularly alter- 
nate w'ith those of the piliferous layer ; their walls aie subeijsed 
w'lth age, and the radial ones maikcd with barS. It is a 
specialivicd layer of the cortex, and is not present m al! roots. 

The rest of the cortex consists of a broad Ixind of thin-vvalled 
parenchyma, with intercellular spaces ; it is often full of starcjji. 
Its innermost layer is .— 

3- The endodermlo, which shows when young the character- 
istic dot on the radial walls (see 3, on ij. c)4) ; «t a later stage 
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the cells lying opposite the phloem become thick-walled and 
hgnified, ^'hile those opposite the xylem remain thin-walled. 

4. The stele, ciupsting of— 

a. The pfrlcycle, yhich forms a single layer of thm-walled 
cells Amning round w periphery. 

b. The xylem, consisting of three to five separate groups of 
elements radiating from the centre ; at the outer point of each 
group lie the protoxylem elements, distinguished by their small 
size and early formation. The later-formed xylem elements, 
usually meet at the centre of the stele, although sometimes a 
small pith jnay be present 

c. The phloem, consisting of a like number of groups alter- 
nating with those o^>the xylem They have thin cellulose walls. 

d. Cells of the oonjunctive parenchyma intervene between 
the phloem and the xylem. 

IV. Cut transverse sections of the root of the Pea or Bean, 
SIX inches or more from the ape.x, avoiding the lateral loots, 
take care also to avoid the thick base of the hypocotyledonary 
stem, which shows a structure characteristic neither of the stem 
nor of the root : treat as before. 

The general arrangement of tissues is the same as has been 
above descriMld, though there has been increase in bulk, and 
the xylem and phloem, being now more fuHy developed, are 
more easily recognized Observe especially that the conjunfbtive 
parenchyma, lying centrally to thf phloem, has begun to dnide 
repeatedly by^ tangential walls. The activity thus initiatecf 
extends round the peripheral margin of each xy^in -group. 
The menstematic ring thus*'completed is the source of the 
secondary thicke^ngr of*^the root. 

V Cut transverse sections of an old root of the Pea, or 
prelNiably the Bean, taking care here also to avoid the base 
of the hypocotyledonary stem, and treat as before. Observe— 

1. Centrally a papenchymatous pith 

2. The priipary xylem-sroupa, usually four in number, retain 
their original position, relatively to the pith. 

3. The four cambial arcs, inside of the phloem -groups, have 
produced four large wedges of aeeondaryi^em on their inside, 
and peppndar/phloew on their outside. 
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4, Four broad parenchymatous rays, which he on the same 
radii as the primary xylem, have resulted from cambial activity 
opposite the protoxylems. 

5. Tlie primary phloetn-groups, now aejoarated by the gnass 
of secondary tissues fiom the piimary xylim, are still on radii 
altcrnatmg with them. 

6 A narrow band of cork with a cork-cambium at its inner 
limit ; It originates from the peiicyclc, and this fact should be 
ascertained by cutting sections successnely at younger and 
older points. It is to be noted that the endodermis, cortex, 
and piliferous layer, are absent in these sections, Jjjeing thrown 
off on the formation of the layci of cork from the pericycle 
beneath them, which thus cuts them off fiom a physiological 
connection with the central c>lindei (Compare Fig 7, p 98 ) 

VI. Tile structure thus desenbed for the Pea or Bean is 
characteristic for Herbaceous Dicotyledons In Woody plants 
the process is essentially the same it may be studied in the 
Sycamore, Horse-chestnut, &c Dig up roots of these plants 
carefully so as not to break off the finer fibrils , wash them gently 
from the soil, and observe the 1 eddish-brown colour of the 
thicker and more mature part.s, w’hile the ends of the thinner 
fibiils are palc-coloured. Note also on passing trom young 
jiortions to the old?r that an outer coating of effete blown tissue 
is thr<li^\n off, and thereby the bulk of the root ma) be diminished, 
notwithstanding the seCondai^ increase of \ascular tissue 
Tfie tissue ^j^thrown off is the cortex, whfth here, as m 6thcr 
cases, IS only a tempoiary covenqg of the younger portion of 
the root, Xhe soil will be found In thi§ case al^o adherent to 
the rooflets, thus indicating the presence of root-hairs at some 
distance from the apex, but not at the extreme apex, nor on the 
old^ijr portion of the root vlhcre tl^ cortex has Ijeen tlippwn bff: 

In transverse sections of^such roots as these, of successite 
ages, the general similarity of structure to thaf* above tiesciibed, 
may be verified, with variations sftch as the follovying . — 

1, The pre^nce of an exodermis, immediately below the 

piliferous layer. * 

2. Small size, or complete ^absence of a central pith. 

3- The oiifln of soeondaiy mednllalV rays, aiv(^ of annual 

n 
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linsji in the xylem. So that an old root resembles a stem in 
structure, but i| may always be distinguished by its primaxy 
xylem group*, mich retain their original position near the 
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Fig|^A. Diagram illustrating the disposition of tissues in the young r6et of a 
Dicotyledon before the capioial divisions begin ^ 

B. The same at a later stage, whM the camhiiim may be clearly recognized. 

C Diagram of amijigwtent of ti Jocs in the r,oot, after secondary thickening has 
• been in progipss for a o^derable time ' in si^ch a root the coftex, vi^ch is seen 
as a broadband (c) in*'ff|s A, B, hat been completely thrown off.^nd i» not 
» rd^esenled m the figure, c = cortex ; e = en'dodermis , Ml = primary phloem ; 

— secondary phloem, = primary xylem; =s «econdary»l!em ', 
^ = primary medullary rays ; = secondary medullary rays? m = jmllt. 


Apex ^ the Roof. 

Type I.*-l!fsing the fruit of the Sunflower inihe dry state, as 
it may be bought in seedsmen’s shops, cut thin median longi- 
tudinal sections of the apex of theyadiclorof th| straight embryo. 
The^arran^menj of the raenstem at the apex of the radicle^pf 
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the embryo is similar to that of the apex of the growing root, 
and the former is chosen in this case, as it is much easier to 
make preparations from it than from the growing root. The 
sections are of little use unless they are accurately median. 

, Treat the sections with potash for ten minutes or more , or 
better, treat with “eau de javelle” as directed on p. 35 wash 
with water, and mount in glycerine . examine with a low power, 
and observe that — 

1. The mass of tissue is composed of thin-walled cells, 
arranged regularly in longitudinal rows. 

2. That these rows of cells converge towards a point af some 
distance below the external apex of the root. This is the centre 
of construction. 

3. Note also that the vascular cylinder or stele of the root 
may be traced upwards to the apex as the plerome cylinder, with 
a dome-like ending. 

4. The cortex continues upwards as the periblem : it may 
be distinguished by its darker appearance owing to the 
numerous intercellular spaces. 

5. The superficial piliferous layer, which curves inwards 
under — 

6. The tissue of the root-cap. 

The general scheme of arrangement of the apical meristem 
of a root is indicated in the diagr^, Fig. 8 . but in comparing 
the sections with the diagram it must Jje remembered ttiat the 
figure represents an ideal Dicotyledonous type, and it must not 
be attempted to trace 3, correspondence of minute detail of the 
secticnjjs with the diagram : thus in the diagram'lhere is a sharp 
limit K K, between the root-cap and the body of tlife root, 
whereas in the Sunflower, as will be presently showm, the root- 
ca|> and piliferous layer have a common origin . - 

Examine with a high power : and observe that — 

I. At some distance from the apex a definite piliferous layer 
Qovers the root externally. Follow this towards the apex : at 
some short distance from it this single layer splits into two : the 
inner is continuous over the apex -as the dermatogen: the 
outer is one of the layers of the oalyptra, or root-cap. Fol- 
4pwing the dermatogen further inwards, it will befr seen fe split 
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again several times in suocession. The layers thus thrown off 
externally from the dermatogen form collectively the root-cap, 
or calyptra. We ha\e in this case a common formative layer 
for root-cap and piliferous layer 
2. Between the picrome cylinder and the piliferous layer lies 
abroad band of formatne tissue of the coitex, or periblem: 
follow this to the apex it is also a distinct continuous band, 
though reduced to a single ia\cr of cells at the apex. 



t K. f — Iliasjram illustrating tlic arr.int'tment of a iiitrisitm which muy be found 
at the apex of a root of a Dicotyledon M /t, the looi-cap, limited internally 
hy vhe Iiiu. k k k. which icjirese-nts the outer limiting wall of the tlcrnialogeii 
In the r< ot-ca'i the letters a a indieatc antielinals , !• f, the jie-nehnal curves. 
( \fter .baelis ) 


j, 3 The plerome cylinder may,also be traced as distinct up 
to the apical point. 

To this type belong most of the Dicotyledons. 'J’hc work may 
be equally well done on Linum usi/atissimum^ or Po/yi^onuin 
Fngopyrum. , 

Type I I.«- Prepare median longitudinal sections of the apex 
of the radicle of Phaseolus muliiflorus (the Scarlet Runner), or 
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jierhaps better, from the Broad Bean in either case the dr^ 
seed may be used . treat as the aboie. Examine with a low 
pow'ci and make out — 

1. C.iljptra (rnot--cap; 

2. I’llifcious layer. 

3 Pcriblcm. 

4. Plcromc 

But heie all the different tissue-systems will be found to 
01 Inmate fioin a general meiistfiii, the uiiginal formative tissue 
of none of them bein}4 di'!.tinrt fiom tliat of the others 
As aliei native jilants of the same type, may be named 
Cncurbiia and PisioiL 



102 


PRACTICAL BOTANY 


VEC?EfATIVE 6 rGANS -(B) MONOCOTYLEDONS 

Ohen'atirfi'; “u'lth ihe naked eye 

The^rainof the M.ii/c {Zea Mai\) has been dcsnibed on 
p 40, and tlie germination on p. 44. 

Fruits of Maize should%c sown in pans, in spring, and kept 
in a cool house or frame : they may be bedded out in early 
summer, and the plants will be suitable foi the observations 
detailed below in August. 

In seedlings which have grown a foot or more in height 
observe— 

1. The rreen foliage leases, arranged alternately, with { 
divergence upon— 

2. The relatively short stem, which is continuous downwards 
with one short basal internode, to— 

3. The mam root, which is usually more strongly developed 
than the numerous adventitious roots. 

Note the grain which may still be laterally attached, at the 
lower extremity of the basal mternode ; while from the upper 
extremity, bursting through the lowest leaf-shcath (the cotyledon 
of Hofmeister and others) are numerous adventitious roots. 
In older plants successive internodes show successive series of 
such roots, which form efficient supports for the obconical stem 
of the mature plant. 

pxamme a single leaf, and observe — 

1. The expanded lamina, with parallel venation, and in old 
leaves the hairy upper surface, while the lower surface is not 
obviously hairy. 

2. The leaf-sheath, enfolding the axis or next younger 
leaves. 

3. The frilLlike Ugnle, at the Junction of sheath and lamina. 
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i. 't^TV.M—JfERHACF.OUS TYPE 

Fresh material may be u^ecl, but stems, well matured in 
autumn, and preseived in alcohol, ate preferable. 

1. Cut transverse sections from about the middle of^an 
inlernode of a well-giow n stem of Zai Mais - mount in glycerine, 
mhcis in chloi-ziiK -iodine. The sections should be cut from 
ihc uppci part of one of the louei internodes, otherwise the 
\asculai bundles may be found to be imperfectly developed. 

flxamme with a low power, and, beginning the study of the 
tissues at the periphery of the section, dbserve— 

I A single layer of rathei irregular, often sclerenchymatous 
epidermia, stomata arc fiequcntly found : immediately below 
this IS — 

2. A cortex, consisting of usually three or four layers of cells, 
more 01 less sclerenchymatous, w-ith no definite internal 
limit 

3 A parenchymatous ground tissue, which forms the matrix 
ol the central part of the section : embedded m this are — 

4. Numerous vascular bundles t note that they are smaller, 
blit more numerous near the penphery than at the centre ; also 
that the position of the paits of the bundles relatively to the 
centre of the section is usually uniform 

Examine in detail a section treated with chlor-zinc-iodme and 
observe — 

a. The epidermis appears as a definite layer of cells of un- 
equal size. Note a well-marked cuticle (brown). Here and 
there may be found stomsts, w’lth two small Kuard-cells, and 
two subsidiary cells. 

The cortex consists for the most part of sclerenchymatous 
cells with thick, highly refractive w’alls, which stain yellowish 
iirown w'lth chlor-zmc-iodine (lignificd) : but this vanes accord- 
ing to age, and proximity to a node. 

c. The parenchyma consists of cells w ith thin cellulose w-alls. 
At the angles where the cell-walls meet are intercellular spaces. 
The external layers have abundant prStoplasm with chloro- 
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|il)\ II ( Dipiisrlcs 'rhfs< .iH 1 ( ^s fi((|U<iil!n the inner Invers, 
in llie (enliil p ik in In rii,( tlu pi iilnplasiii '' liaulh 
applet lalilt 

<f I <ii ili< nnnnu sliidv of tlu vascular bundles ‘^dect otU' 
<>l tlu lai^i St ( t nnal UuiulU s 'I lu st r tion imist 1 h linn '1 lu- 
innst pHiniiiu nt eU nu nts in the Kiiiulk ait -- 

I. I'tnn vett»el8 of tin xylem, anaipi:ed like a V* '"di 

tlu anplt low 11(1 ill! ttniH of tlu ‘'tciti of tlicst tlu t\M' 
mailt I IK (It.ildpid III 1 .nul toiitiUilt llu protoxylem 

< on ip II ( 1 I loii o| \ onii^ tt III 

I 111 K I I IK an 1 tlu M niK ol llu m in lia ^ n ii ilK annular 
tliu ki mn^‘ in old stenib It is p.iiti.dlx sin loiiiult d h\ an inti i 

1 1 Ihilai spate, while the iin^s often bttonu tit tat lied, in uliii h 
ease the M'ssel IS nul easih sttn in ti.ins\tist st( turns Nt\t 
to tliih ts a \Cssfl wlneh h.is t oniinonh .i spiral tliukenin^ tht 
lem. lining two have tlnniui u,i11n wnh pitted in.iikinj^, .ind 
lai)4C cavil) 

I'u tween the pittetl vessels ate 

II \ luimlHi of tracheldes with pitted henitied walls, and no 
( ell t tintt Ills 

III I’.iit lit In nuitous tells with thin eellulose walls, whuh 
siinouiul llu inn It t Hill. II spate .ihove tlese'iibed, .ind also the 
vcsiSels Must in.i\ In lep.udcti .is xylem-parenchyma 

The phloem poition of the Inindle lies between the limbs of 
the V '^h’lpeil \vlem, .iiu! is e.isih leto^nizetl ]i> the thm 
( I llulost' walls It t (insists ot 

n riemeiits with l.iij^t (.iviiies, m wluth ii.insverse septa 
(sit \t - pi. lies' ohtii ot( III ilu'se elements .ire the sieve-tubes 

\ Sm.dlt'i companion cells l>eiween tlie sjoi e-tubes At tlie 
(uitsulf of the jihloem lies 

M I'he protopbloem, with Us tlinunts eiiished out of 
sh.ipe 

.Suinuindiiiit (he above tissues of the wlem .inti phloem is a 
sheath of sclerenchyma Mn its intern.il side ina> be found 
tissue-foims whitli arc ti.insitional between stleienchynia anti 
tertam constituents of the bundle In the more central bundles 
the she.ith may be interrupted on cither side opposite the phloem 
b> ihinnei walled cells 
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II Cut radial lonf^mulinal strtiuns of the same, tieat .is 
liefoio, and ohsi 1 .< 

a riu epidermis, ( (imposed o| olilone (oils 

/' 1 he n.mou cortex, consisimj; ol etlls, uliuh .ue sonu- 

tinu s thin w.illtd and p.iu luln m.itous, somcliims tlm k-ualled 
and pioseiu h\ matous 

( I he ground'parenchyma, with loimdisli alls 

Y The vascular bundles, pm''iimg a loiiLMtudma! coms( 
paialkl loom anotlu 1, withoiil laKial fti ion 

In till xylem oli t i\( - 

I I Ik annular, spiral, and pitted \ i ' s( Is, ,tnd noi( (-ptu.ilU 
m iIr l.ittu, the ( l(<iil\-m.iiked joints, pointing to tin 11 oiigin 
Itom a su( cession of cells 

n 'I Ik intted tracheides 

III 1 he thin-w.ilkd xylem-parenchyma 

And in the phloem, wlm h is e.isil) lecogmzed by its cellulose 
w alls, distinguish - 

i\ 'I lie sieve-tubes, which hare a wide c.iiitt, intercepted 
hcie and there 1 )\ iiansieisc sieves 

If it be found difficult to distinguish the sie\ e-plates, a liesh 
section m<i\ be tie.ited with potash , the ( h.uac ter of the sieve- 
[ilate IS then inoie easily seen 

\ The cambiform cells, wlmh are nairou .incl pare'tTcii)- 
m, Items 

Note the jiioscncli) m.itous constituents of the sheath of 
sclerenchyma, .md obsent tr.tnsition.il foiiiis b( tween these 
.mil the pitted elements with sepmu ends, which belong to the 
\\lem 

1 he stem of Asparagus m.iN be used foi the.iboce obsen.i- 
tions, d he ( hief difteremes will be m the jnesence of .1 bro.id 
band of (oite\, with a definite endodermis the .ibsence of 
selerenclnma-sheaths round the mdoidual bundles .nici tin 
sclerotic natuie of the peripher> of the eonjunctue tissue of the 
stele 

III In order to see the fundamental arrangement of the 
\ascular system, cut median longitudinal sectiems through the 
apex of a young plant of Maize, or of a foliage-branch of an old 
plant treat with strong potash; or, better, with dilute potash 
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for twenty-four hours : examine with a loiv power, and observe, 
if the section be median — 

I The apical cone. 

2 . Leavea, in successne stages of development, seated 
laterally 

3 In the older leaves, vasctllar bundles, which enter the 
stem 

I'ollow carefully the course of the vascular bundles as the\ 
leave the leaf-base On following the com se of these \ asruLu 
bundles it will be seen that they enter the stem, and pioceed at 
fit St .towards the centie before reaching it they curve down- 
wards, and finally turn again outwards, and approach the 
pcnpheiy of the^stem. We thus see that in young stems of 
Maize the course of the bundles corresponds to the Palm-type, 
though as the stem grows older, and the internodes develop, 
the coWspdadence is less obvious, by reason of the almost 
straight course pursued by the bundles in the internode, and 
the complications which arise at the node. 

But no student should be satisfied with seeing the typical 
bundle-system of a Monocotyledon in small microscopic pre- 
parations for It IS not difficult to prepare from any of the 
Palms which have a columnar stem, dissections which shall 
sho|K**plainly to the naked eye the course of the vascular 
bundles. The spiral curvature of the bundles in a tangential 
direction, as they pursue their downward course, maybe readily 
recognized in such dissections, where the ground tissue has 
been removed to a sufficient depth. No botanic institution 
should be without such dissections, which w-ill make more 
plain to the mind than any description, or any microscopic 
preparation, the rather complicated bundle-system of the 
Palm-type. 


ii. S,Tm-ARBOREOUS TYPE 

I. Examine preparations of the old stem of Yucca or 
Draccena, in which the ihin-w'alled parenchyma has been 
allowed to rot away, while the vascular bundles remain. On 
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comparing transverse and longitudinal sections of such stems, 
It may be seen, with the naked eye — 

I. That the central primary bundle* aic isolated, and that 
the course of each bundle may be traced as starting from below 
at the peiiphei) of the stem, then cuiving towards the centre 
as it ascends, and finally turning outwards, and passing into a 
le.'if 'i'hcse are therefore leaf-trace bundles. 

2 Tow aids the base of the stem thcie is a jienphcral mass 
of secondaiy bundles, which mcieases in thickness downw aids 
these bundles have no duect (onncction with the leaves, and 
aie theiefoie cauline 

II Cut tiansveisc seitions of the stem of Dracerna immedi- 
ately below the apical tuft of leaves mount in glycerine, and 
evamine undei a low power. Observe that the arrangement of 
the tissues, as well as the chaiacter of the vascular bundles, is 
similar to that in the Mai/e, but the cortex of Dracmta is 
nuK h broader than in the Maize. Note that the cells of the 
innei limit of the cortex are cjuiescent, and not undergoing 
division. 

III Cut tiansverse Sections of the stem of Dracana at a 
jioint one foot or more from the apex, and mount in glycerine. 
Examine with a low power, and observe — 

1. A well-marked eplderml*. Beneath this — 

2. A band of cork. 

3. A broad belt of cortical parenebyma, many cells of which 
contain crystals (raphides, <S:c.). Here and there a vascular 
bundle will be seen in the cortex; these aie bundles of the 
Ic-af-trace, passing inwards fiom the leaves. 

4. At the inner limit of this the cells are not quiescent, as in 
the younger part of the stem, but there is an actively dividing 
meriamatie rinff, which gives rise internally to new vascular 
bundles, and externally to fresh cortical cells. The new 
bundles thus formed are cauUne, having no direct connection 
with the leaves, and are embedded in ligmfied ground-tissue. 
These together form a dense ring. 

5. Centrally, there still remains undisturbed that arrange- 
ment of thin-walled paranchyma and vascular bundles, which 
has been above noted in the young stem as being similar to 
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that in the internode of Mai/e : the piimary or common 
bundles may be distin;;iushed fiom the scrondar\ oi rauhne 
bundles, not only by their aiian^emcnt. but also by ihoi 
structure m the latter the phloem foims a small central yioup, 
cntireh surrounded by the xylcm the former aic of the type 
already described for the Maize. 


m. ^Tm~A( 2 rAri(' TYPE 

Cut trans\eise seitions fiom’ the subiiKieed stem of the 
Ameiican W.itei Weed {Elodta uuuuhnsn^ Mount in gb- 
cerinc, and obseivc in the small circulai section — 

1. A regular epidermis, without stomata. 

2. A broad thin-walled cortex. 

3. A small central stele, limited by a well-maiked endodermis, 
and consisting entirely of thin-walled elements The absence 

" lignified elements is to be corielated with its submeiged 
habit This is extreme case of reduction of the lastular 
system in aquatic plants. 
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LEAF 

The cMcinal (.hai.Klcis of ilic M.n/e leaf have been noted 
above, )) 102 

1 d leat a ))uce of the thin pcnphctal part of a leaf which 
has been jneviouslv lile.ulied in ahohol / willi jiotash until it is 
transpaieni , mount in ylvceiine, and examine undci a low 
j)o\\er Obseivc- 

1 riie parallel roui se of the ▼ascular bundles. 

2 riicir freciiieiU lateral fusion, b) iHcani) of small bianch- 
bundles 

3 '1 he absence of stomata above the vasculai bundles, and 
then ananj^cmeni m lovvs m the spaces between them 

4 'Ihe vanous foims of hair; .ind especially the conical uni- 
cellular hairs, which ;^ive the ciluite ch.iiacter to the margin ol 
the leaf 

11 Cut Iransveisc sections of the lamina^ mount in water or 
dilute glyceiine. Othei sections maybe treated with alcohol to 
c'xpel the air-bubbles ; the chlorophyll will, at the same time, be 
dissolved out other sections may ht mounted in (hlor-2inc* 
iodine, and kept for comparison with the above. 

The section presents a sinuous 00th ne, conespondmg to a 
(('Ham extent to the arrangement of the mam vasculai bundles 
.il the mull lb the section widens out Note tlic following 
.11 i.mgcment of tissues - 

I Loveimg ]>oth suihiccs of the leaf is an epidermis, ic- 
sembling that of the stem, Init the uppei epidcimis beats hairs 
of vanous foirn, mostly simple, conical the largest of them aic 
sLiiiounded <ii the base by an oiUgiowth of the neighbounng 
cpidcimal cells Small haiis .uc found on the lowei '-pideimis 

Note the stomata on both sui faces, with small jtuarcl- cells, 
sunounded b> two subsidiary cells: these will be fuithcr 
examined below. 

( )n the upper surface observe how the epidermis here and there 
widens out into groups of deeper cells, with non^uticula^fied 
outer walls, while the outer walls of the rest of the epidermis are 
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strongly cuticulansed. These cell-groups occur at the thinnest 
regiptns of the section. 

2 . Va»cular bundles of \arious si/c, which, in the tli inner part 
of the lamiiiti, he in a median position between the two epi- 
dermal layers. Each bundle is suriounded by a definite 
parenchymatous sheath The largest of them correspond in 
structuie to those of the internode, the smaller ones arc i educed 
forms of the same type. Note that the spiral and annulai 
vessels of the protoxylem arc nearer the upper surface of 
the leaf. 

Between the epidermis on either side, and the larger bundles, 
are masses of aclerenchyma, which, together with the bundles, 
form complete bridges of rigid tissue between the two epidermal 
layers. 

3. The spaces between the tissues hitherto considered arc 
filled with parenchyma (mesophyll), which may cither be 
(a) green (containing chlorophyll}, or {/>) colourless (without 
chlorophyll }. 

a. The greep dilorophyll-contaimng parenchyma fiUs up the 
greater part of the space, often showing a jialisade .irrange- 
ment ; intercellular spaces occur in it, and especially large 
ones are found below the stomata. ^ 

d. The colourless parenchyma occuis (1 ) as a sheath, w'lthout 
intercellular spaces, surrounding each bundle ; (11.) as groups of 
cells immediately below the epidermis . these are more common 
towards the central part of the leaf. At the midrib this tissue 
forms the bulk of the structure. 

III. Cut thin ^gingential sections from the under surface of the 
lamina, so as to remove, if possible, only the epidermis. Treat 
with potash, and mount in glycerine. Observe— 

1. The ordinary cells of the epidermis, of oblong form, and 
with sinuous outline, 

2. Very* short cells between the ends of these, which often 


project perpendicularly to the surface as hair*. 

3. The stomata, also intervening between the ends of the 
xAittpg epidermal cells. 

flfcfrve with a high power the structure of the stomata. 


They Consist of— 
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a. Two narrow guard-cells, which inclose the poie Note 
their dumb-bell shape, with deeper and wider ends, antjl slim 
middle region 

h. Two triangular subsidiary-cells, which flank the guard- 
cells. 

Compare this view of the stoma with the same structure as 
seen in transverse sections of the lamina the dumb-bell shape 
of the guard-cells will then be properly understood. 'Ihis t\pe 
of stoma IS charac'tenstK of (aasscs, 

IV. Cut tangential sections of the upper surf.icc of the Maize 
leaf, and compare with the above. Note the stomatii, as befoie, 
ananged m longitudinal lows, the cells adjoining them lia\ing 
sinuous walls H.iirs are found in this legion. 

Note longitudinal bands of scpiare cells, with kitcial walls not 
sinuous, and outer walls not (utitulanscd These coiiespond 
to the groups of huger cellsalread) noted in the upper epidermis 
in the transverse settion. Hairs ,ire absent from these band' 
For comparison with the above, cut transverse sections 
also of, the Ic.if of whivh h<is a smooth 

and convc.x lower surface, and longitudinally grooved, concave 
upper surface. 

Note in the section that the general construction is not unlike 
that of the Maize lUit the upper surface shows a succession of 
deep ridge*, and furrow* stomata aie absent from the lower 
surface, but are numerous on the slopes of the upper surface 
Each ridge is topped by a sclerotic band, opposed on the lower 
surface by a coire.sponding band, while a main vascular bundle 
lies between. .At the base of each grfKive lies a group of large, 
non-cuticulansed watery cells, similar to those observed on the 
upper surface of the Mai/c In this case, by modification of the 
Maize type of leaf construction, we recognize a mechanism foi 
automatic curling upward of the leaf-margins under dr\ condi- 
tions. Compare also leaves of Kfymus arcnarnis, AmnwpJitla 
arundinacea, and of FeAiua oinna. 

VI. Cut sections tialso of the leaf of Phormium New 
Zealand dax. Note the smooth surfaces of the thick 
upper epidermis is strongly cuticul^sed, without stotfllta : 
several layers of colourless hypoderma follow, fhe stomata 
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are present on the thinner lower epidermis. The girder system 
of sclerenchyma is arranged uith great regularity. Chlorophyll- 
containing mesophyll is disposed towards the upper and 
lower surfaces, while large thin-w ailed cells, without chlorophyll 
(aqueous tissue), occupy the middle region. 

Vn Trans\erse sections should also be cut fiom the foliage- 
leaves of the Hjacinlh, which, as above noted, giow in an 
almost vertical position mount in chloi-zinc-iodine, and note 
under alow powei that thcic is no great diffeience between the 
upper and lower surfaces as regards the disposition of the 
tissues, excepting that the oncntation of the collateral bundles 
IS such that the xylem is directed towards the upper surface. 

Stomata may be seen both on the lower and upper surfaces . 
there is no distinctly marked pahsade-parcnch>ma centrally 
is a mass of colourless thin-walled parenchyma. Note the 
absence of strengthening sclerenchyma 

This will be found an excellent opportunity for the study of 
the details of a simple stoma observe that the guard -cells 
are about at the gencial level of the epidermis that when 
fairly cut through the middle they differ in section from the 
other epidermal cells 

The opposing faces of the two guard-cells e.xactly resemble 
each other, and are so curved that the space bet ween them has the 
outline of an hourglass, its median constriction being the actual 
pore. The chamber on either side of this pore is partially 
enclosed by a ])iojecting ridge of the guard -cell wall the one 
may be called the outer, the other the inner chamber. The 
cell-wall separating theguaid-cells frpm the adjoining epidermal 
cells IS relatively thin, that boi dering the stomatal passage is 
thick, except opposite the actual pore. The cuticle is seen to 
be continuous through the pore, to the lower surface of the 
epidermis Note also the large air-chamber leading into the 
system of intcicellular spaces of the cortex-. The contents of 
the guard-cells include chlorophyll-grains, and owing to their 
activity, a blue starch reaction is usually ob|i|iined with chlor-zinc- 
lodipe. The above observations may be equally well made in 
sedtbns of the leaf of Lilium. 

VI n. To obsen'e the stoma in surface view, and in the living 
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condition, take leaves of Hyacinth, or belter of some species 
)f Lihiim or Nnnisw;, in which the stomata are of unusually 
arge si/c on a bright day, and after full exposiiic to the light, 
>trip oflf a piece of the epidermis . mount it m ^^ater, with the 
)iiter surface uppermost, and evamme undei a low power It 
nay then be readily seen that the pores of the stomata are 
ividely open, the guard-cells being strongly cur\ cd 
Having seen this, irrigate with a 2 per cent solution of 
:ommon salt, keeping watch upon a stoma which has been seen 
o be o{)cn when the salt solution le.iches it, the stoma will 
)e seen to close, the guaid-cclls sliaighlemng themsehes as 
hen inteinal tension IS lelicwed, and finalls beconimj^ plasmo- 
ystd ’I'he connection between the opening of tlie stoma and 
lie inlcinal tension of the guard-cells 1-, thus clemonstiated. 



114 


PRACTICAL BOTANY 


ROOT 

I Cut transverse sections of the root of the selectinj^ 

a well-gioun, undcrgjounfl j)ierc of lool mount in ^Ixreiine, 
and examine first under a low powei, then under a high power 
Starting from the penpher\ obsetve— 

1. 'I’he supeificicd piliferous layer, consisting of small ceils, 
many of which ha\e grown out into long root-hairs. 

2. Immediately below this is a jirotectne layer of exodermis, 
with more or less cuticulansed cell-walls. 

3. The cortical parenchyma, a bioad band, of which the 
peripheral part is often sclcrenchymatous, and this is especially 
the case in the aerial piop-iools obseiwc the rcgulaiity o' 
airangement of the inner part of the cortex, of which the 
innermost layer is to be recogni/cd as - 

4. The endodermis : the cell-walls of this layei arc m ok 
roots thickened on thiee sides, the outer wall lem, lining thir 
and the r.idial walls in young lOots show the usual dark dotte* 
appearance. 

5. Within this is the stele, consisting of -- 

a. The pericycle, a la\ei of cells with walls thin when youn^ 
but they maybe ligmfied when old the senes is inlcrruptc 
opposite the xylem-masses, whu h abut directly on the endode 
mis Around the periphery of the^stcle are disjiosed — 

b. Numerous xylem-^roups, rccogni/ed by their dark-looku 
ligmfied walls ; the smaller protoxylem elements aie at tl 
extreme penpheiy . the strand is therefore exarch. 

c. Phloem-erroups, alternating with the xylem ^By oups : th 
may be recognized by their brighter, cellulose walra. Notetl 
the number of xylem and phloem groups may vary, and is oft 
very large. 

d. Centrally lies a bulky pith, in which may be seen one or m^ 
isolated vessels, surrounded by irregular groups of sclerenchyr 

There is no secondary thickening. 
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II, Sections may also be cut transversely from the root of 
Hyacinihus onenialis. 

The stiuclinc is essentially similar to that of the Maize • 
but the cortex is thin-v\ ailed, and in oldei loots may be partially 
disorganized. The cndodctmis is not thickened, but exhibits 
the characteristu d.irk dot on its ladial walls. The pencycle is 
not interiujited b\ the piotoxx lein-gioujis no pith is present, 
since the \)lein-stiands extend inw aids to the centie of the stele. 


Ape.x of the Root 

It IS not easy to cut longitudinal sections of the apex of an 
oidinar) fully dexeloped loot without embedding Thearrange- 
ment of the mciisteni.itu tHMics may be satisfactoiily seen in 
longilLidin.d sections of the apex of the \oung lateial loots, 
which aie to be found giowmg hoii/ontally out of the nodes ol 
the Maize plants, Oi, if fitting m.itetial for this be not at hand, 
longitudinal sections ma) be made of the ladicle of the embryo 

Adopting one ofthe.dio\e rnethcxls, cut longitudinal median 
sections of the apex of the loot The sec non must be accurately 
longitudinal <incl median, tc the section must include the 
organic axis of the root, around which the several tissues ate 
symmetrically arranged 

Treat the sections for about ten minutes with dilute potash, 
or, better, with “cau dc javelle” (Appendix A), .ind mount in 
glycerine. 

In a median section the following arrangement of tissues will 
be visible : — 

I. A central mass of tissue, clcaily defined laterally, and 
lounded, |>fif at its apex, which is at some distance below the 
cxtcrnatvliftex of the root : this is the plerome>cyllii(ler oi 
formative tissue of the •tele. If this tissue be traced back into 
the older part of tlie root, it will be found that its central part 
IS continuous with the parenchymatous pith, while its peripheral 
part develops into the vascular ring.^ Note rows of largei cells, 
which may be traced back as continuous with the vessels of tlie 
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xylem In the central portion of the plerome are intercellular 
^paceb, which appear black in beclions from frcbh mateiial, 
being filled with air. 

2 Surrounding the plerome is a broad band of tissue with 
intercellular spaces, w'hich appear as irregular black lines. 
This tissue is the perlblem, which is the formative tissue of the 
cortex. 

3. Outside this is a single layer of cells somewhat elongated 
radially, and with a thick outer wall . this is the dermatog:en, 
or formative tissue of the piliferous layer 

If the section be accurately median, it will be possible to 
trace (2) and (3) upwards, till, immediately above the apex of 
the plerome, they meige into a single layei of cells . thus the 
foimative tissue, from which the piliferous layer and cortex are 
derived, is represented at the apex by a single initial layer of 
cells 

4 Outside the derniatogcn, at the apex of the root, w'lll be 
found another formative tissue, the cells of which divide parallel 
to the surface of the dermatogen : this is the caljrptrotren-layer, 
which is formative of the tissues of the root-cap The latter 
appears as a mass of parenchyma, covering the w’hole apex of 
the root : the outer cells of it will be seen to be undergoing 
mucilaginous degeneration of the cell-walls. 

If the section has been cut from the root dormant in the ripe 
fruit of Maize, the apex w ill be found sheathed by a broad band 
of tissue of the coieorhixa . an embryonic structure, which is 
not present in growing roots. 


Note on Eaphides. 

I. Cut longitudinal sections of the scape or lea|i«S of the 
Hyacinth or Onion : many other Monocotyledons will do as 
well : mount in water, and observe the large cells containing 
numerous needle-shaped crystals (RaphideB) arranged in a 
bundle parallel to one another. In order to investigate theii 
nature the following tests may be applied : 
a. The attempt may be made to stain them with iodine, 
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)r other stains which colour crystalloids, but they will not be 
iffected • they are thus distinguished at once from crystalloids 
h. Irrigate a section with acetic acid . they arc not affected : 
hey are therefore not calcium carbonate. 

c Irrigate with dilute nitric acid the cr}’5tals are dissolved 
They consist of calcium oxalate, and this form of crystal is 
:ominon in Monocotyledons, and occurs also in some Dicotvle- 
Jons. The crystals arc often embedded in mucilage. 
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REPRODUCTIVE ORGANS 
Obscrvaiions loith the Ntikcd Rye on the Mature Flower 

In order to become acquainted with the external chaiaclcis 
of the reprodurtne organs, it \\ill be well to examine and 
compare a few (onimon types of flower. 

1. Examine specimens of the common Rdttercup I Ranumultn 
at ns) a number of flowers may be found associated to^ctliei 
on a single branching system, the inflorescence, which has hcie 

the charactei of a cjrnose 
panicle. Recog ni/e m cai h 
single flower the following 
senes of paits, which aie 
insert e<l upon the enlarged 
apex of the axis, or floral 
receptacle - 

I. The calyx, which is the 
outermost seruss of floral 
le.ives, and consists of five 
sepals, separate from one 
another d)i polysepalous ), nisei ted below the other organs 
(inferior^, giecnish yellow, and haiiy 

2. The corolla, consisting usually of fi\e yellow petals, 
separate from one another (polypetalous ), seated below the 
more central organs (hsrpovynous;, and alternating with tin 
sepals remove a single petal, and observe the pocket-like 
Inland or nectary on the upper surface, dose to the base. 

3. The androBcium, consisting of an indefinite numbei of 
stamens, which are separate from one another (polyandrous), 
and are seated below' the central senes of organs (hypogrynous) : 



I'K. 9 — Diagram of infloresLenn luiit 
of Rantnuulu\ aern 
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c.ich stamen is a club-shaped body, and two parts of it arc to 
he recognized — 

(ti) A thin stalk, the filament. 

(/>) A two-lobed head, the anther 

In a flower fully opened, note with a lens the successive 
dehiscence of the anthers, by a longitudinal slit on either side of 
each, through which the powdery yellow pollen may escape. 
The outermost stamens dehisce first. 

4 The gynoecinm at the centre of the flow'er, consisting of 
an indefinite number of carpels, which ate separate from one 
anolhei (^apocarpous), and aie seated above the olhei floi.il 
oipans on the conical icieptadi 'superior Each caipil 
consists of .1 lowci lateiallv comjnessed poition, the ovary, aiul 
at the ;i])c\ of .in ujipei, shortly cuivcd pioccss (the style' is 
a rough vellow surface, the stiirma. Open one of the (arpels 
iarefuliy, .ind obscive an internal cavitv, containing <i single 
lound body, the ovule 

This IS an hermaphrodite flower, vvitii both male and female 
oig.ins, of r.idial t)|)e (actinomorphic , <ind parti. ili\ prot- 
androus, the outei stamens being iipe befoie the stigmas .ue 
letcptive, and thus it is li.ible to cross- 01 stlf-pollination 
II Comp.irc the flower of Caltha paliistris, the Marsh 
Mangold Here the gencial arrangement of p.atts will be 
fuund to be the same but note the following points of clitlei- 
encc~-th.it the calyx is heie petaloid, consisting of five 01 more 
sep.alb, the coiolla IS .ibscnt, .ind the carpels aic fewci ftiveto 
ten), but of larger si/e. Slit open one of the t.iipcls .dong the 
dois.d side, turn back the fl.ips, .ind observe the numerous 
ovules they aie atl.Khed to the vcuti.il side ol the i.upel, .nut 
■lie arranged in two longitiulm.d lows .living the two maigins ol 
(he folded laipcl,-- a follicle with marginal placentation 
HI Compare the Monkshood [Aiomtinn Ni.pillus) . the 
inflorescence is a long laceme, panuled at the base '1 he 
flovvei bears two bracteoles, light .ind left, on the pcduel . it is 
symmetrical only in an .anteto-posteiior plane (sygomorphlc), 
the posienor sale being most siionglv developed. Ihc sejials 
aie five, polyscpalous, ink 1101, and p^laloid, the postcnoi sepal 
developed as a huge hood ; the petals, usually eight, of which 
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six arc small, the two posterior are elongated into glandular 
spurs (nectarie*), and are covered by the hooded sepal. 
Stamens, spirally arranged, numerous and variable in number, 
polyandrous, hypogynous. Carpels usu- 
ally three, apocarpous, superior follicles, 
similar to those of Caltha. 

This is an example of the zygomorphic 
form, which ensures the visiting insect 
taking a definite position with regard to 
the essential organs of the flower. Note 
that the flower is protandrous. 

IV. Dissect a flower from the simple 
raceme of the Wallflower {Chciranthus 
Cheiri) note (he absence of a bract 
subtending the peduel. 'i’hc flower con- 
sists of .— 

I Calyx, sepals four, polysepalous, in- 
ferior, the outer pair median, the inner transverse, with saccate 
bases. 

2. Corolla, petals four, diagonally placed, polypetalous, 
hypogynous 

3, Androecium, stamens six, tetradynamous, ic four long 
(two antero-posterior pairs), and two short (transverse) ; 
nectaries are present at the base of the 
transverse stamens, which occupy the 
saccate bases of the transv erse sepals 

4 aynoeclum, carpels two, united (ayn- 
carpous), consisting of elongated ovary, 
shoit style, and bifid stigma. 

Ovary bilocular (with “ftilse” septum), 
placentation parietal, stigma-lobes directly 
above the placentas 

Open the ovary carefully and note the 
parietal placentation, and the ovules of 
rurv ed form (campylotropousl 

This flower is hermaphrodite, homo- 
gamous, i.e. stamens and stigmas ripen at the same lime ; self 
pollination is possible, but colour, scent, and honey attract 



Firr. 71 — I’loral diagram 
of .in ordin.iry flower of 
tilt* Ctinifiix (Afu-i 
Kitldrr ) 
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insects. Note the cohesion of the carpels, while all the other 
parts arc free from one another. 

\'. Examine the greater Siitchwort {Stellana Holostea), and 
note the regular cymose inflorescence (dichasium). The flower 
15 composed of— 

] Calyx, sepals fi\c, polysepalous, inferior. 

z. CoroUa, petals five, deeply notched, polypetalous, hypogy- 
nous 

3. Androecium, stamens ten, polyandrous, or very slightly 
united at the base, hypogynous. 

4 Oynoeciom, carpels three, united or syncarpous, superior • 
styles and stigmas three. Ovary 
unilocular, ovules numerous, in- 
setted on the prolongation of the 
avis central placentation) 

\ 1 Compare the Rose Campion 
U^yt-hnis liioisa)^ which belongs to 
the same natural order, and shows 
iht same general characters , hut 
the plants are more 01 less dis- 
tinctly unisexual, flowers with per- 
fect stamens being borne on some • 1 u. u —Floral riuKr.muf.w/f«( 
plants, while on othcis flowers will (Afar Eicl.le.,) 

he found with only the female or- 
gans matured the species is thus dioecious, and a cross is 
tlieicforc necessar) 

Note the calyx with united sepals, gainosepalous in the 
male flowers there arc ten stanuns slightly unitevl at the base, 
and centrally' a rudimentary pynoecium , in the female tloweis, 
the gynrecium consists of five carpels, syncarpous and supcrioi, 
while around its base may be seen ten rudimentary stamens 
thus this plant illustrates cohesion of the scfiaK and of the 
carpels, and a partial suppression of the stamens, 01 of the 
carpels. 

\'1I. From n laremc of C yttsus ! alntrnum icmovc a single 
flower : observe its zygomorphic form, and note the following 
parts of it 

Calyx two lipped, typically of five sepals, garnosepalous. 
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Corolla petals five, polypetaloij^ consisting of a large 
posterior ▼exiUum, latefAl aln, and tw« anterior postals coherent 
tbgether t(|. form the carina, which cn- 
• ^velops the essential parts. 

# Andr(»einin, stamens ten, united by 
their filaments (monadelphous), inserted 
V on the receptacle, slightly enlarged as a 
r “ calyx-tube ” (perigynous). 

Oynoecinin, one carpel, superior open 
it and note the paiietal placentation of 
^ ^ the numerous campyloliopoLis o\ ules 

'I'he flowei is /ygomorphic, and slightly 
jirot.indrous theie is no fiee honey 
( \fter Eidiler ) secretion, but a sin culcnt swelling at the 

inseriion of the \e\ilUini. 

\ III. Examine flowers of the Hnd-Cheiry {rrunus Pihiu ^ ' 
they are arranged in a racemose manner Note that each flower 
consists of— 

J. A calyx of fne sepals, inserted upon the so called calyx- 
tube, which may be legarded as an enlaigement of the floral 
receptacle 

2. A corolla of five polj'petalous petals, also inserted on the 
margin of the calyx-tube, the petals altei- 
nating in position with the sepals. • 

3 AndroeciutD, comjmscd of indefinite 
stamens, pol) androus, and pciigynous, i.v 
inserted upon the calyx-tube 

4 Oynoecium, c onsistmg of one c aipt 1, \ U Jo/J / ■ 

superior ovules two 
'Phis is a hpical jieiigjnous flowei, in 
which the sepals, petals, and stamens are A _ 
inserted on the calyx-tube, or cup-hke 
receptacle. ".'i 

IX Compare the Water Avens {Gcum 1 “I'lc ) 
rtvale), which is similarly constructed, 
but note the five small segments alteinatmg with the sepal 




(epicalyxj ; the numerous stamens, showing clcaiiy the pen- 
gynous insertion on the enlarged receptacular cup ; the elongated 



FLOWER 


J23 


stalk (ryuophorH^on whicl^are borne upwards, the very numer- 
ous apocarpouA carpels. Examine one carpel and note the one- 
ox ulcd ovar> below, and the elongated hairy style, with a kink about 
one-lhird up, and the terminal stigma. 

X Compare flowers of Hawthorn 
\Criiiu\i^ies oxyacaniha), which belongs to 
the Srime n<ituial older the disposition 
of the parts is the same as m tiu abo\e. 

The carpels may xary in numbei. It 
tlitfeis howevei in the hict that fiom an 
e.iih period the (alvv-lube i-' adherent to 
tlic o\'<ii\, and the oxaiy aictidingl) is 
inferior 'I In* apple i/hvv/x in.n 

.ilsu lie rompaied . the numbei oi caijab 
Is lenulaily h\e 
\1 From the large rompound umbd of //w 

ti'unt, separate a single coinjilcte tiowei, and note its component 
paits 

Calyx, sep.ds fue inmute gieen teeth 

Corolla jielals fixe, polx petalous, alternating with the sepals, 
the penjiluial one sonielmies hugest 
AndrcBcium, fixe free si.imens, .illein.iling with [itl.ils 
Oynoecium (aipels two, .inteio postiu uu stigin.is two using 
fiom the gl.iiululai dist oxaix infeiioi, 
biloail.il dissea out the sohlarx pen- 
ilulous oxuh' fiom e.ixh loaihis 

Note that tlicte is a p.iiliil sepaiation 
of the st\ts in spate, stune flout is In me 
In iiiia|)liitHlite, while tvlheis aie male, 
with aboitixt' g\ iiti tium then is .dsi> 
a sepal. ition in time, tlu' hei m.iphiodite 
dowels bang piot.indituis • 

Ml ( ompaie A<(/nvi/id nhi/ox x'Ub 
Its simple umbel, and showy inxoUuie 
of biatts 'I’he floral ronstuietion is 
’"Uilai to the above, but the (.dxs-leetb aie laigei. the 
petals cuivcd inwaids, the stamens*,, man x ed when young, 
open m succession ; the hcim.iphrodite tloweis .iie [iiot.in- 



" — Moral diagram 

of Kiyuf'fUlit mnn. 
tin, uni (After hichlci ) 
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drous, and many of the flowers male by abortion of the 
gynoecium. 

The honey in these flowers is exposed on the glandular disc, 
and is therefore accessible to shoit 
tongued insects. 

XIII. Examine the flower of the 
potato {Solanum tuberosum)^ it con- 
sists of — 

Calyx, sepals five gainosepalous, in- 
ferior. 

Corolla, petals five, gamopetalous, 
hypogynous, alternating with the 
sepals. 

Androecium, stamens five, epipctal- 
ous, alternating with the petals, de- 
hiscent by terminal pores 
Oynoeclum, carpels two, syncaipous, 
superior, oblique to the median plane of the flower sljk 
elongated, stigma slightly bifid o\ary biloculai, ovules numci- 
ous, placentation axile. 

XI\^ Examine a single flowci fiom the Cvinose panicle ol 
the Figwort {Scrophularui nodosa) it is /jgomoiphic ami 
consists of the following parts — 

Calyx, sepals five, gamosepalous, infeiioi, odd sejial postciioi 

Corolla, petals five, 
gamopetalous, odd 
petal anterior. 

Androecium, stamens 
four, didynainoiis, cpi- 
pctalous . but note a 
staminode, correspond- 
ing in position to the 
odd posterior stamen, 
here non functional. 

Oynoecium, carpels 
two, syncarpous, supe- 
rior : ovary bilocular, ovules numerous, placentation axile. A 
yellow nectary surrounds.|he base of the ovary. 



Fk, i 8 — /?, Flonl diaffi.mj of 1 maria vulgnj 
!’>, (if i't/vHua ( llnnui<i^y'. (Afur ICn lili i ) 



Fig 17 —Floral di.»prain of 
Petunia H}'ctag''ni/itna. 
(After Ewhltr )" 
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Note the protOKynous condition , in flowers just opened the 
sii^nia IS cxiiosed, while the sUinens are hidden within tlie 
I oioll.i ; in older flowers tlie stamens aic exposed and dehiscent, 
while the stigma, if pollinated, is curxed downwards. 

Comptirc the flowers of Linaria, Antirrhinum, Digitalis, 
.ind Mimulus, in which the plan of construction is the same, 
l)Ut details of pollination mechanism difierent. 

Dissect the flower of some species of Veronica, eg. V. 
Chamceihys and comptire it with that of other Scrophulariacea:. 
Note the calyx sepals four, hy abortion of the posterior 
segment ; corolla rotite, with four lobes, of which the largest is 
the lesult of fusion of two oblK|uely posterioi petals Stamens 
two, occupying the place of the posterioi -lateial stamens of 
oilua S( tophul.inac’e.'e, the other tliiee being suppiessecl. 

W. From the axillary \eitic illate (\mcsof the While Dead 
Nettle {I. ami urn albitnV, sep.irate a 
single flower, and observe as follows — 

Calyx, fi\e sepals gamosepalous, 
inferior the odd sepal posterior. 

Corolla, petals fne, gamopetalous 
Inpogynous. the lower pait is tubular, 
the ujjper Iwo-lijiped the upjier hp is 
composed of two petals, foiming a 
hood covering the essential parts the 
oiliei three petals constitute the lower 
hp 

Andraecittm, stamens four, didynamous epipetalous, opening 
’downwards. 

OynoBclum, carpels tw’O, syncarpous superior style filiform, 
stigma bifid . ovary spuriously quadnlocular, ^le\ eloped as four 
nutlets at the base of the ovary ; on the anterior side is a fleshy 
nectary. 

Note the absence, by abortion, of a fifth posterior stamen : 
■ilso that the zygomorphic flow'er is homogamous, male and 
female organs being mature at the same time. 

XVI. Examine flowers of the Primrose {Primula vulgaris), or 
of the hothouse Primula {P. sinem^^), and note that it is 
composed of— W' 


o 



Ik. to -F’K)ril ttui;i.uu of 
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1. Calyx of fiv'e sepals, gamosepalous, inferior. 

2. Corolla of fne petals, gamopctalous, hypogjmous, and 
allcrn.iting with llic sepals 

3 Androecium of five stamens, eja- 
pctalous tlicy aic opposite the petals 
(antipetaloua). 

4 Oynoecium of five ( aipels, syncarp- 
ous, superioi plaoentation, free-central, 
OMilcs nunieious 

'I'his IS an example of cohesion of 
sepals, petals, and caipels, and of adhc 
■Ion of the stamens to the corolla. Not( 
also that the flowers are of two types, on 
distinct plants (dimorphic). On sonu 
plants the flowers have long stamens 
and a shoit style, on others they ha\( 
short Stamens and a long style they an 
homogamous, but the dimoiphic state inci cases the probability 
of intercrossing. 

X\'II. E.\aminea head or capitulum of the Sunflow'er : this is 
an inflorescence, and it is composed of a large number of florets, 
or small flow'crs, ins^led on a wade disk- 
like development of the mam axis or 
peduncle. Nhite the dark green, closely 
imbricated bracts, which show' a gradual 
transition from the foliage-leaves to a 
simpler form ; these together constitute 
the involucre, which surrounds the mar- 
gin of the Cc^itulum. On the upper 
surface of the flattened receptacle are the 
numerous, and closely packed fioreta, of 
which two types are to be distinguished — 
a lilffnlate or ray>iloretB, with broadly 
strap-shaped yellow corolla, which aie 
disposed at the periphery. 

h. Tnbnlar or dtsk-floreta, which constitute the central p.n 
of the head. 

In the young inflolpfliiliice before flowering, and also later u 


O 



Fin 21 —Diagram ( f 
tubular floret of a C"iu 
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the frtlitkig inflorescence, theie may be seen opposite, and 
external to each fioict a sm.ill leaf (the bract), lanceolate abo\e, 
but broadly sheathing below, in the axil of uhich the floret is 
jiroduced. 

Remove the bracts fioni the penplieiy of the capitulum, and 
separate <i single lirulate floret : examine it m det.iil, and 
observe at the base tlie moie 01 less compiessed ovary, uhirh 
IS infeiioi : at its uppci limit is an inegulai rim, which may be 
regarded as representing the calyx : abov e it is the yellow 
corolla, tubulai in its lower pait, bioadly ligulate above on 
slitting the tubulai jioiiion there ma> be seen a more or less 
icduced style inseited on the apex of the ovary the stamens 
are abortive. 1 hesc florets are thus neuter 

Examine one of the floret* of the disk m detail, noting first 
its position in the axil of a biaU obseive— 

1. At the base the lateially compressed ovary, which is inferior. 

2. Seated in an anteio-postenor position above the ovary are 
two chaffy scales these represent the calyx, which ts ac- 
toidingly Buperior. 

3. Above this is the tubulai vellow corolla, narrowed below, 
and teimmated above by five teeth; it thus consists of five 
jietals, gamopctalous and supeiioi. 

4 Tiojecting fiom the tube of the corolla ma> be seen a dark- 
lolouied, cylindrical body composed of the cohcient anther*, 
and projecting thtough this cylinder is— 

5. The bifid and recurv ed stigma. 

Slit the tube of the coiolla longitudinally, and note the five 
separate filaments of the stamena, which insert themsfejfres on 
the inner surface of the nariow throat of the corolla fepipetaloua), 
while the anthers aic united above so as to form a tube 

(aynKeneaiouB). 

Remove the corolla and stamens : the long cylindrical style 
w ill remain rising from the apex of the ovary, and terminating 
in a bifid stiema ; thus it is indicated that there are two caipels, 
syncarpous and inferior. 

Open the ovary longitudinally, and note the single cavity 
(unilocular), and within it a single an^tropous ovule attached to 
the base of the cavity. |* 
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As a substitute, or for comparison, the head or capitulum of 
the Dandelion {Taraxacum officinale) should also be dissected : 
the geneial features will be similar to the above, the chief points 
of difference being that — 

I All the florets are ligulate, and bisexual 

2. The bracts on the receptacle aie abortive. 

3. The calyx is developed as a silky pappus. 

The Ox-eye Daisy {Chrysanthemum Icmanthemum) may also 
be examined : the general floral construction is the same as 
m the Sunflower, but there are no bracts on the leceptacle, 
and no representative of the calyx. 

XVIII. In any of the ordinar)' native species of Spurge 
{Euphorbia) note the following stiucture of the small (ontrarted 



Fig 22.— Ground plan of dichasial branch of / uphorhia Ftplus a / 3 , o' /S', ate the 
bracts, 1-5 the involucral leaves, in their K«neuc sequence gUnds in the 
indentations of the involucre The thrcc-lobcd perianth on the ? flower of the 
central cyathium is figured after certain exotic species in which it is clearly 
developed. JAfier tichler ) 


flower-like infloiescence— the cyathium > these are commonly 
borne on a cymose, unljcllate branch-system, with leafy bracts. 
The cyathium consisli of a cup-like involucre, formed by five 
coherent bracts, between which are four large glands, the fifth 
space being vacant. Within the cup, the most prominent object 
is the female 4ower, which occupies the centre : it is long- 
stalked, al!ip|)rojects, cutvin^ laterally, over that side of the cup 
where there is no gland. Note its cylindrical stalk, terminating 
, above m the gyno^um, at the base of which is a distended 
ring, representing the perianth. Carpels three, syncarpous 
superior : styles three, tii&i bifid stigmas : ovary trilocular, 
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ovules one in each loculus, pendulous anatropous The male 
flowers, wl^ich aie associated with minute hair> bracts, consist 
each of a alnirle stamen note half down the filament a joint 
this IS belic\ccl to icpresent an .ihortue peiiantli 
'Phis IS rejt'arded as an cxtienie c.ise of reduction of floial 
stiuctuie in a coriden'>ed inflorescence 

MX K\<iininc male and fem.de (atkms of the common 
S.dlow (.Sa//a tiiprca) they .ire home on separate plants winch 
arc thus male or female (duel loiisi the catkin, whether male or 
lemalc, is a spicatc inflorescence of numcious simple floweis, 
which arc borne in the .axils of bracts. Separate off one bract, 
with its appendages, which constitute the male flower theie 
<aic two stamens, right and left of the median jilanc, fil.aments 
ficc . note the gl.md at then b.ise, on the side next the axis 

• 

00 

fl 

Fig S '?, — KfSalix Caprffl , I!, S lii. .4 A Sah.i Ca/ua ; 1>, 

C,.S tuantira Diagram of in.ik rtuwtr> ^ Dwt-iam of female 

(Afto Kiclilei ) flowers (.friti Lmljlei ) 

The female flower consists of a ^>na;cium of two carpels, 
s\ncarpous, supciior, in the ti.ins\crse plane o\ar> stalked 
unilocular, OMiles numcious . note the gland at the bpse, on the 
bide next the axis, 

• The flowers of the Willows .ire prob.iblj pimnineh simple 
The honey glands and scent attract numerous insects, while the 
chcecism necessitates intercrossing, which is cained out h\’ 
them Wind may also be cfiicacious. 

XX, For comparison with the above types of flower, which 
are all from Dicotyledonous plants, examine, as typical of the 
VIonoentyfedons, the flowers of the wild Hyacil|^' {Siilla 
nutam\ which are borne in simple racemes. Each is com- 
posed of— ■ 

r. A perianth, consisting of six pet^loid segments which aie 
free, or poIypetaJous, and hypogynous : three composing an 

K 
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outer whorl, overlap the other three which compo:^ an inner 
whorl. 

2. The androecium, consibtmg of bi\ stamens, each being 
opposite one of the segments of the 
perianth to which it adheres. 

3 The gynoecluni, consisting of 
thiee carpels, syncarpous and su- 
peiior the ovary has three loculi, 
ovules numeious, anatropous, pla- 
centation avile. 

Othei examples of flowcis of the 
Liliacea: may be compared, e.g. 
Lihum, Convallanu, tSre. Com- 
pare {jalanthu^^ or other e sample 
of the Amarjllidacea’, m vs Inch the 
ovary is infciior, but the floral con- 
struction otherwise the same. 

XXI. Examine the spicate in- 
florescence of On Ins macuhiia , 
note the zygomorphic flowers, sessile m the axils of long bracts, 
and that the green inferior ovary of each is spirally twisted, so 
that the flower is turned thiough 
half a circh the anterior side has 
thus a posterior position, and the 
flower IS resnplnate The flower is 
composed of the following pans - 
Perianth, six segments, pol>- 
petalous, the odd posterior segment 
(anterior by resupination), enlarged 
as the labellum, and spurred 
Androecium, only the outer an- 
terior stamen dev eloped (posterior 
by resu ping iion) . it is bilocular, ^d 
containfPUp |)ollen-masses (pol- 
linia). Tfte stamen is confluent with 
the style to form the short column. 

ajmoeclum, carpels three syncarpous ; ovary inferior, twisted, 
unilocular : placentation parietal, ovules, minute, very numerous 





Fk, a6.— FlonU diagram of 
Orchis. (After Eichler ) 
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Fig 25 —Floral diagraiu of 
Ornithogatum umbiUaium 
(After Lithk-r ) 
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Ohscrvq|thc large semilunar surface of the stigma between 
the stamen and the entrance to the spur, this corresponds tej 
the two oblR|uely posteiior lobes of the stigma immediate]) 
abo\e this is a jirojcclmg beak, the rostellum, uhich corre- 
sponds to the anterior stigm.itK lobe, and co\crs the adhesive 
discs of the two ))ollinia 

Inseit a pencil point gently into the spur, m doing so, tlir 
rosielliim is pushed asidcg and the adhesive discs fixing to the 
surface of the pencil, the two pollmia aie drawn out as it is 
withdiaun ()l)sei\e them caiefulK foi a minute 01 so, and note 
then change of position, from the ciect to a position parallel to 
the pencil point On inserting the pencil into another flower, 
the pollmia will now come in contact with the sligmatic surface 

I'll IS IS a complex mechanism leading to cross-pollmation as 
a conseciuence of insect visits . without insect-agency pollination 
docs not take place 

XXI 1 . Evarnine the infloiesc enc e of Loliuni perenne, it is :i 
(oin])nund spike, beat mg lateral spikelets alternately on ofiposite 
sales of the main axis 

Sepaiate off one spikelct complete, and recogni/e the fol- 
lowing parts, starting fioni below at the base, and subtending 
the whole spikelet, is one empty glume, a green bi.ict in most 
Liasscs another empty glume is found on the opposite side of 
the spikelet, but in l.ohum this is absent The icst of the 
s|)ikelet IS composed of successive pairs of biacts, paleee , these 
JKiirs are inserted alteinatel) on opposite sides of the thin, win 
rachis of the spikelet. Separate one of the ■ loselv -folding 
jiairs of palete from one another , between them will be found 
the flower, which is entnely enclosed by the bracts (pale.i ), 
except at the period of flowering, when the thi'ee st.imens and 
two stigmas are exserted Having found a flower in this con- 
dition, note the following pails of it - 

The androeclum, consisting o^ ihiee st.iniens, the stamen 
being anterior. They have long thin filaments, antlieis 
with dusty pollen. 

^ gynoeclum, superior, with two lateral feathery stignuis, 
which project right and left from thfi'palem • ovary unilocular, 
ovule solitary. At the base of the ovary on the anterioi side are 



132 


PRACTICAL BOTANY 


two lodicules, whicli aic important in forcing the palc<r apart, 
at the time of flowering 

The structure of the spikclet is the same as this in plan 
in most Grasses. Some reg^ird the flower as a reduction of the 



Liliaceous type I'cf. Kig 27, H}, others do not accept this \iew 
(See Moiphological Text-books ) 

For further details as to the \aiious sttucture and form of 
flowers, and for discussions as to their morphological interpre- 
tation and pollination mechanisms, reference must be made to 
books on Descriptive Botany. 


Dev KLOI'MLxVT OI< 'JHE Fiower. 

In Older to trace the development of the flower it is found 
(onvenicnt to use plants with a^rreirated infloreacencea, tr 
those in which the flowers arc closely assoiiated together in 
large numbers. By cutting sections thiough such an infloi- 
escence i^ny individual flowers, illustrating different degievs 
of progress, will be traversed, and by comparison of these an 
idea of the course of development may be gamed even from i 
single section. 

I. Examine young capittOa of the Sunflower with the naked 
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eye they occur in the same positions as the vej^etatue apical 
Inuls, but dififer externally from these— 

I In then j^reatei bulk, and more cs|)C(!.il!) in then diameter 
bem^^ laigcr 

2. In their colour, x\hich is usually darker 

3 In bcin^ co\eied cxleinally by a larj^e number of 
imbiicatcd bracts, uhich tof^elhcr foim the general involucre 

Selei t a \ei\ >oun” (apitulum- that is, one in which these 
ch, 11 actors can be leioj^ni/ed, but aie not as \ct \eiy pio- 
noumed— and, having lemoved the largest external bracts, cut 
fiom It median longitudinal sections tieat with jiotash and 
mount in ghceiine obseive with a low powei — 

1 Th.'it in outline and gcneial anangement of parts the 
sections lesemblc those of the vegetative bud, but that the 
apical cone is broaden, .and more flat 

2 'I'h.it the surface of the cone has an iriegul.ar outline, 
owing to the form.ition of a senes of appendiculai oigens, 
which are dcvelojied m acropetai order, w the smallest oi 
youngest aie nearest the centic or apex, while on passing 
towards the peripheiy the si/e legulaily mcieases. - 

Put on a higher powei, and stud> these oigans in detail, 
beginning at the ccntie. 

If the capitulum be voting enough, tlioic will be found, as in 
the vegetative bud, a naked apical cone, rather flatter in form, 
but with a similar arrangement of tissues to that there ob- 
seivecl. Passing from the centre, the external surface assumes 
an undulating appearance owing to the foimation oF - 

1. Bracts, or small leaves, which arise similarly to the le.aves 
as above observed (,p. 58'., bv outgiowtli of the epidermis and 
subjacent tissue ; as they grow older tliev cuivc tovvaids the 
centre. Note the formation of hairs of various tvpes from 
single cells of the epidermis, this being a good oppoitunity for 
tracing their origin. 

2. The rudiments of flowers, which appear in the axils of the 
bractcolcs, i.c. on the side nearer the apex. These arc likewise 
produced from the epidermis and subjacent tissue ; they are, 
morphologically speaking, axillary bpanebea. 

The development of the latter into the complete flow er must 
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be carefully studied, by comparison of those nearer the centre 
with older flowers neai the periphery of the capitulum, or on 
capitula of \anous ages. It is olnious that doweis mIhcIi liave 
been cut in median section will be best fitted for this study 
Note the following succcssne stages of dc\elopmcnt— 
a Form of papilla, conical 
b. Ape\ becomes flattened. 

c PenphciN of the flattened ape\ uses into a whoil of fi\t 
small lobes ; these aie the petals, which arc m the matuu 
llower united as a gamopetalous corolla. 

d Between the corolla and the now' depressed apes uses a 
fresh senes or whorl of fi\c lobes, these aie the )oung 
stamens. 

About this stage may be seen externally, below the corolla, 
a slight protubeiance on each side of the flowei (.is seen in 
section) this is the first appeaiancc of the calyx, whith 
consists in the mature flower of two scaly sepals. This oidei 
of appearance of the floral whoil is not normal, but is the rule 
in the order Compositcr In the large majority of plants tin 
calyx IS developed first, then the corolla, and then the 
stamens. 

e Within the whorl of stamens there arises, at the margin 
of the now much depressed apex, the last senes of floral 
organs, mz two carpela, which arch o\ei the apical depression, 
and thus close in the cavity of the Inferior ovary. 

/. All the organs increase in size, while from th(‘ base of the 
cavity of the ovary a papilla arises, which develops into a single 
anatropoua ovule, with one intCKument, and small nucellua 
II. Cut horizontal {i.e. transverse) sections of a (apitulum 
treat as before examine with a low pow'ei 

Note the arrangement of bracteoles, with young flowers in 
their axils, round the central naked apex. The youngest 
flowers will appear simply circular in outline (simple papilla* of 
stages a and b) ; older flowers wall show successively— 

i. The five papilhe of the corolla (petals) uniting at an earlv 
stage into the gamopetalous corolla-tube. (Stage c.) 

ii. Five atamena, alternating with the petals. (Stage d.) 

iii. Centrally two carpela. (Stage c.) 
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Other Compflsitcr may be taken as substitutes for HdiantJtus, 
I)ut some \anety will be found in different genera in the 
Lhai.icter of the bracts, and in the taly\ thus in Chrysnn- 
dunmm Lcucanthcmum, winch is a useful t>pe, the bract sub- 
tending each flower is absent, and there is no repiesentative of 
the caly\. 


C\l Wtl COROI i \ 

1 Mount m gljTeiine two small pieces of the corolla of a 
ligulate floret of the Sunflower which has been kept in spirit, the 
one w’llh the lower, the other with the uppei suiface uppermost 
Examine under a low power, and note the delicate tcxtuie and 
transparency of the whole the larity or e\cn entire absence 
of stomata the numerous baits on the lower, and the small 
piojecting papilke on the upper surface- and the vascular 
bundles which do not form a dense network as in the foliage 
leaf 

II. Cut tiansxcrse seitmns of the same, mount in gKcciine, 
.md observe that the stiuctuie is altogethei simplei than that of 
the foliage leaf Note the smooth lower epidermis the uppei 
(pideimis, of which each cell has grown out as a conical 
papilla: It IS these whuh give the vehet-like appeaiance to 
the corolla the mcsoplnll which is vciy lax, and is not 
dififerentiated into palisade and spongy parenchvma. 

The blight colours of floweis and fiuits may be due cither to 
(olouiing matter dissolved in the cell-sap, ot to ^m.lll colouied 
bodies in the cells, or to both combined. 'I'he) must be studied 
m flesh material, as the colourings ate altered or destroyeii by 
alcohol. As a first example the (ommon scarlet (leranium 
Pelargonium) may be taken, in which the pet.ils owe their 
colour to dissolved mattei 

HI. .Stiip off the supeificial tissue from a petal of this plant, 
and mount in water with the outei surface uppei most note 
under a low power the conical fotm of the supeificial cells, 

and the bright red colour of the cell-sap : chromoplasts or 
formed granules appear to be entirely absent. 

IV. The case of the common icd and vellovv Tulip is a good 
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example of mixed colounnj; ; strip off the supcificial tissue from 
the yellow base of one of the segments of the jienanth mount 
in water, and examine iindei a hi^li powei , ohsene the \eiy 
numeiOLis yellow chromoplasts of moie oi less distinctly 
crystalline foi m 

Stiip off now a simil.it patch of tissue fiom the upper, 
red portion, mount, and examine as before heie the chromo- 
piasts will be seen as before, but masked b> the more 
piominently coloured red cell-sap. 


Tills Si 

All the following pieparations should be made from material 
hardened in alcohol, or (ixtd with satmated solution of piciic 
<Kid, and then washed, and hardened m alcohol. 

1. Cut transverse sei tions of a flower bud of Calihti palwitrn, 
which was just ready to open, taking care that the antheis shall 
be cut thioujth transversely. Neglecting the other parts, mount 
the sections of the aathers m glycerine, and examme with a low 
power Note — 

I The general outline of the section, and compaie it with the 
form of the bilobed anther as above observed 

2, The two large cavities or pollen-sacs in each lobe. 

3 These are surrounded externally by the wall of the anthei 
which consists of at least three iayeis of cells 

4. The septa, which divide the two pollen-sacs 01 micro- 
sporansia of each lobe from one anothei ; the anther has thus 
originally four pollen-sacs these may be found still distinct in 
almost mature anthers, though as they approach maturity the 
septa are partially broken down, and the cavities of the pollen- 
sacs are thus tin own together • this usually happens before 
the dehiscence of the anther. 

5. A single small vascular bundle lying symmetricallv 
bctw'cen the cavities in the central part or connective of the 
anther. 

6. Pollcn-trrains or mierosporcs, mostly to be found lying 
free m the glycerine. 
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Put on a hij^h power and make (ho following ohseivations — 

[ 1'he wall of the anthei ih (omposed of - 

{(! ) A la)ei of epidermis, with .in external cuticle: wiilnn 
this IS — 

i/>) A layei of cells with a fibrous thickening of the cell 
walls 

(( ) Immcdiateh wiilun ;//; will be seen a nanovv highly 
tefractue band, lonsisting of the lemnants of two tiansitory 
layei s of cells, the innet of whuh was the tapetum: this is 
almost completely disorganized , the outei of the two la\eis, 
whiih .ibuts on the fibrous la\er, is less toinpletch disorganized, 
.and may be seen as an almost continuous I.ttei of thm-wallcd 
cells, even in .almost mature anthei s. Note .ilso that the wall 
of the anther is thinnest, and its constiiution most simple at 
the pait most remote from the connectue, /c wheie the septum 
of e.K h lobe meets the wall of the anthei, while nearer to the 
connectue it becomes thickei 

2 At the point where the septum meets the wall of the anther 
the cells are smallei, ,ind of lounclcd foim, owing to the piesence 
of intercellular spaces between them, and the mnei l.uci is not 
spir.ilh thickened this is the line of dehiscence of the anther, 
and the lax chaiactci of the tissue at this point helps to bring 
about the rupture 

3 I'he pollen-grains or microspores, which are almost 
spherical, with smooth walls and gianular piotoplasmic con- 
tents, m which may be made out, with difficult), two nuclei. 

C\RI'FI \M) Om II-s. 

I. The following preparations must be made fiom malciial 
hardened in .absolute alcohol, or methyl, itecl spint From .an 
open huci of Ca/Z/ia pa/u^tri'i which has been thus tieatecl, strip 
off the outer organs, and cut n large numbei of tr.ansverse 
sections of the carpels: by so denng the ovules will be tra- 
versed m a longitudinal direction, d'reat the sections with 
one-half pure glycerine, one-half alcohol, in a watch-glass, and 
let the alcohol evaporate gradually pick out those sections 
which appear to have fairly travel se.l one 01 more of the 
ovules, and mount them m pure glycenne. 
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Examine lirst with a low power, and observe — 

1. The carpel, having a structuie not unlike that of an ordinary 
leaf, and consisting of an upper and lower epidermis with some 
four layeis of mesoplnll between them Note the suture or 
junction of the two margins of the carpel, which thus encloses 
a central cavity. 

2. 'Phe ovules (macrosporangia) seated in this ca\ity, and 
attached near the margins of the carpel it has already been 
noted that theieare two rathei iiiegular rows of ovules in each 
c.iipel, therefore at most onl) two ovules appear in each section 

The form of the ovule is anatropous : it consists of the 
following parts — 

a. The funiculus, or stalk, which adheres ihrouj’h the gi eater 
part of Its course (as the raphe) to the body of the inv cited 
ovule. A procambium bundle, connected with a bundle at the 
margin of the carpel, traverses it longitudinally. 

The body of the inverted ovule consists of— 

b Two integuments, each several lasers of cells in thickness, 
the outer being united with the funiculus the integuments 
cover the body of the ovule completely, excepting a nariow 
channel (micropyle) near its apex. Within the integuments 
lies— 

c. The nucellus, an oval mass of cellular tissue in which is 
embedded— 

d. The emhryo-sac fmacrospore), a large oval cell, situated 
centrally a short distance below' the apex of the nucellus. 

Examine the embryo-sac with a high power, and observe— 

1 . The granular, vacuolated protoplasm which fills it em- 
bedded in this are to be found — 

li. A large cential nucleus, with highly refractive nucleolus. 

iii. At the micropylar end of the embryo-sac, three cells, with 
clearly defined nuclei. Two of these (the synergidae) fill the 
apex of the sac, the third (the ovum) being placed lateially. 
a little below the apex. 

iv. At the posterior end of the sac ate three cells (^e sntipodai 
cells), also with clearly defined nuclei. Divisions of these .cells 
occasumally occur, so that their number may be found to be 
greater than three. 
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Note the tapetum, consistm^^ of cells more or less disorganized 
which partially oi completely sunound the embr\o-sac. 

I'Ol.I.KN AND Poi 1 LN-lUBEs. 

I Take some fiesh pollen of Scilhi fiutam treat it for an 
houi or so with solution of methyl green in weak acetic acid 
wash in weak acetic add, and mount m the same, oi in weak 
glueime Examint' with a high power, and olist'ue- 

1 The smooth cell wall, co\ciing the oval polkn-giain 

2 'I he granular protoplasm, whuh embetis two nuclei, 
wliK h are stained gicen. 

PAamine these taiefully One ot copies a lateial position, 
and is of ctiiwed and elongated foim it is suiiounded by a 
definite jirotoplasmic bod> of o\al outline, and is usually deeply 
stained this is the generative cell with its nucleus. The 
lest of the gr.iin is ociupied b\ the vegetative cell and 
nucleus: the l.itter is of round foim, and is not so readily 
stained as the genciatiie it occupies a more cential position, 
and IS not so easily seen. 

Pollen of other plants, both Monocot>ledons and Dicotyle- 
dons, should be compared . the external form and markings 
I ary greatly, but the internal structure remains remarkably 
uniform, as regards the number and lelatixe position of the 
parts 

II. In order to observe the germination of the pollen -grains, 
and formation of the pollen-tubes, cultures mav be made in a 
w’atch-glass, or, if it is dcsiied to follow the pioccss m single 
individual grains, use may be made of the moist chamber 
described in Appendix A. 

Mount some yiollen-grains oi Sul /a in one hanging drop of a 
weak solution of cane-sugar m watei (about 5 to lo percent ^ 
Examine them with a high power, and note their form, and the 
external configuration of then walls 

Keep them At an ordinary temperature m the daik, examine 
them at interv^s of 12 to 18 hours ; many will be found to put 
out MUen-tubM, filled w'lth gianular protoplasm, m which, 
^^^iflluitable staining, two nuclei* may be detected, which 
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stain more deeply these result from the division of the 
nucleus of the j^cneratne cell, and each is surrounded by its 
own cyto[)lasin there are thus two sexual cells He hind 
these may be seen the less cleailj st.iined \egetali\c nucleus 

Fertilization. 

I. Remove fiom floweis of '^icllarta media, which have just 
faded, the three stvles moisten them with alcohol, and mount 
quickh in water note the cyhndiital toloiuless styles, cunt cl 
at their upper ends the stifpnatlc surface with its numerous 
pajullose haiis is found on the convex side of the curved jiarl of 
the st}le Note especially the niimeious yellow pollen-irrains 
adherent to the stigmatic surface, while it may often be seen 
that a pollen-tube will pioteed fioin the pollen giain, and 
enter the tissue of the style. 

Similar observations may be made upon any plants which 
have a roughened, jvapillose stigma. 

II. The style and stigma of flowers of Rhododendron ponluuiu 
from which the coiolla has alieady fallen off will idso be found 
to be good material for showing pollen-tubes. Cut transvetsc 
sections of the style in the fresh state, mount in dilute glycerine 
and observe— 

1. The tissue of the style with small vascular bundles dotted 
in It. 

2 . The star-shaped central cavity, filled with mucilage, 
embedded in which may be seen— 

3. The small pollen-tubes cut transveisely, and embedded 
in a mass of transparent mucilage 

III. Cut longitudinal sections of the same, including the 
stigma, and mount as before . observe— 

I The irregular stigmatic surface. 

2. The numerous pollen-grains (associated in groups of font 
attached to the stigma, and often putting out pollep-tube^ 
which penetrate the tissue of the style. 

3. The pollen-tubes, often to be seen as a denfs slt^al, 
pursuing their course down the cavity of the style nd| ^ tieii 
thin walls, and the presence of highly refractive 
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sto]) their caMtics look foi cnclinj^s of the tubes, in which the 
|)iotnplasni will be denser, and one or two nuclei may be 
obsened tlietc. 

1 \’ Tick out nunibei of owiles fioin an o\aiy of a 

llowei of pdf urn St) anudiiunK 01 of Pii^iPli^ pio'puna, which 
has just faded, and mount in dilute gheeiine Obsciwe - 

1 'I he caxupylotropoua ovules, with eur\cd bod\. 

2 Pollen-tubes, which aie often to be found with the end 
apiilicd clostlc to the nmiopcle 

Similai obsel\atlon^ ma\ also be made on Stclhuia uudid, 
.iiul man\ othei jihints, in which the OMiles aie numeious and 
small. 

\ In ordei to lecoj^mise the inrluenccs which aftect thcgiowth 
of pol]en-tube\ ( ultuies in .1 han^in<j dioj) m<i\ be used Arrange 
a moist chamber, as diiected in A]ipcndi\ A Into a diop 
of 10 ])('! cent sugai solution, intioduce a shoit jiieceof the style 
of Sii/!(i )intd)is, including the stigma .dsn a feu cjuite f.esh 
l«)lltn-grams. Mount and esaininc at interv.ils of half .in hour 
\ciysoc)n the iiollen-tubes will begun to be foinied, the time 
(Ic jicnding upon the temiicrature, and othei conditions at fiist 
the pollen-tubes ha\e no definite diiec'ion but in two ot thiec 
lioLiis man> of them will cunc round, ;o as to appioach the 
piece of the st>le, and then ends will pcnetiate its tissue at 
cither end. The st\le h.is, in f.icl, a positne chemiotactlc 
influence upon the growing tubes. 

Note also that the majoiity of the tubes will turn away from 
the margin of the ro\er-shp the) aie negatively aerotropic. 

Evperiments may also be ananged to show that the\ are 
tiUsceptible to light-stimulus. 


Results of Ff.rtii ization 

A. DEVF-LOPMFM OF FUF I MllRYO. 
i. DtiOtyh'do)) 

'taken ffesh ovary of Capselhi liuria-pastons, which has at- 
tainttj^^pijit a third the ultimate si/c of the mature fruit open it 
withi®(|sille, and pick out upon a slide a number of the o\ ules. 
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Material kept in spiiit will not do well for this uork, and the 
specimens should be in good fresh condition, not withered. 

Treat the o\ules at once with dilute jiotash, they will become 
more transpaient as the reagent permeates them. Examine 
them with a low' powei and observe— 

1 The form of the ovule (campylotropous; i.c. with a curva- 
tuie of the body of the ovule) 

2 The funiculus, or stalk. 

3. The integuments. 

4. The mieropyle, not xcry easily seen a pollen-tube may 
often be observed entering the mieropyle 

5. A large central cavity (the embryo-sac), winch is curved like 
the whole ovule In this may be seen, nioic or less distinctly— 

6 The embryo 

To study the structuic of the embiyo, cither longitudinal 
sections of the ovule must be cut, and the embryo be thus laid 
bate, or t^ie einbrvo must be removed fioni the ovule The 
former is the more accurate method, though the latter is much 
the easier the latter will theiefoie be adopted. 

Pi css gently with a needle upon the cover-slip of the above 
piepaiation, so as to burst the ovules . the embryo will escape 
ip some cases without injury but this will only be the case 
when fresh material has been used ; after hardening m alcohol 
the embryos will not readily leave the ovule. Neutralise the 
potash with dilute acetic acid The structure of the embryos, 
which now lie freely suspended in the fluid, may be easily 
studied, and as the acetic acid causes the protoplasm of each 
cell to contract, the cellular construction of the embryo can be 
clearly seen. 

Apply the same method for the preparation of embryos, from 
ovaries of various ages, both younger and older than that first 
taken. A series of preparations may thus be obtained illus- 
trating various stages of development of the enaJajyo, such as 
are figured in ordinary text-books. 

Note more especially the following successive stages of 
development .— 

I. The Buapensor, consisting of one or more ceUl and 
terminated by a single embryonic cell. 
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2. The embryonic cell di\ ided into octants arrang^ed in two 
tiers . the suspensor is elongated and the cells divided so as to 
form a series, of which the basal cell (that nearest the micro- 
pyle) is usually enlarged greatly, as to exceed the embryo in 
size, and beginners are apt to mistake it for the embryo : the 
terminal cell next the embryo (the hypophysis) cnci caches 
between the foui lowei octants of the embryo. 

3 The octants so divided as to form three layers of cells, 
which have been distinguished as (n:) the external dermato^en, 
{h) the periblem, (r) the central plerome 

4 The two cotyledons formed by lateral outgiowth fiom the 
upper tier of octants, the apex of the radicle den\ed fiom the 
hypophysis, the hypocotyledonaiy stem from the lowei tiei of 
octants 

5. Other parts as before. The apical bud or plumule formed 
between the cotyledons. 

11. Monocotyledon. 

Tieat ovules of Alisma Planiay;o m the same wa), and 
observe the following stages of development — 

1. Suspensor and embryo consist of a single short senes of 
cells, produced by transverse divisions 

2. The tcimmal cell divides longitudinally into four (first 
tier). 

3. The second, third, and fourth cells fiom the end also 
divide successively (second, third, and fouith tiers). 

4. The cells of the body of the embiyo divide (as in Capulla) 
so as taJorm three layers : {a) external dermatogen, {b) peii- 
blem, (o central plerome. 

5. A lateral depression of the surface, at the level of the 
second tier. At the basal lip of this the apical cone of the 
plumule isibr^ied, and is thus lateral. 

The single cotyledon is formed from the first tier, and is thus 
terminal.* 

The radicle from the third tier. 

The apex i>f the root from the fo\jjrth tier. 

Compare these results with those obtained in Capsella. 
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B. DEVELOPMENT OF THE ENDOSPERM. 

I. This may be tiatcd in the cmbr)o-sac of Caliha palustris^ 
in m.itenal which has been fixed and preserved in absolute 
alcohol or stion^^ methylated %irit it is an adxantage.to collect 
the material on a hot d.iy, and place it m alcohol w ithout delay ; 
by this means many nuclei may be fixed m vaiious stages of 
cln ision. 

II. Cut transveise sections of the carpels of a flow’cr of Cnltha 
pahairi^ which is full blown, or e\en beginning to fade, and 
also sections of sucressively older specimens up to the almost 
mature fruit, mount them m glyceiine, and compare them, 
they may illustrate the changes which appear in the embryo-sac 
subsequently to feitihzation, viz -- 

1. The pencil <ition of the miciopyle and apex of the nuccllus 
by the pollen-tube. 

2. The first stages of development of the cmbiyo, which m 
this case remains lelatuely small, the seed being an albuminous 
one ; the embryo will thus be seen /;/ niu, 

3 The division of the central nucleus of the embryo-sac into 
two, subsequently into foui, eight, &c. 

4 The disposition of the nuclei, as they increase in number, 
as a dense senes embedded in the piotoplasmic film at the 
periphery of the embryo-sac. 

5 The formation of cell-w'alls between these nuclei, so that 
the embryo-sac is lined internally by a single layer of cells of 
the endosperm 

6. The ingrowth of these cells, and their subsequent division 
so as to fill the cavity of the embryo-sac with endosperm, which 
embeds the embryo 

7. The great inciease in size of the embryo-sac, and of the 
whole oc’ule 

8. Note also the changes in the integuments, and the dis- 
appearance of the nucellus as the oxules become mature. 

On looking o\ei a number of such sections, numeious cases 
of division of nnclei, illustrating various stages of the process, 
may be found These points may be very well studied in the 
embryo-sacs of Frittilaria imperialism &c, 
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III. The continuity of protoplasm through cell- walls has been 
sho\\n in the sieve tubes (p, 63). Similar observations of fine 
threads of protoplasm traversing the cell-walls may be made in 
the endosperm of various seeds, aq^ these are meiely piominent 
exampics.ipf a widespread phenomenon 

Cut thilf sections with a dry ra?or from the endosperm of the 
dry seed of StrycJmos Nux- 7 >omiia • first mount a section in gly- 
cerine, and observe, under a high power, the dense protoplasmic 
body of each cell surrounded by a thick cellulose wall. 

Mount other sections in itmiurc of iodine not diluted with 
water: then place a small drop of \\ater at the edge of the 
rovei-slip, drawing it under by means of blotting-paper • observe 
the edges of the section where the effect of the dilution will 
first appear, and as the cell-w'alls swell, it will be seen that 
then substance is tia\crsed transversely by fine threads of 
piotoplasm, which are stained by the reagent. 

Another method has been found to succeed well in demon- 
strating continuity through the cell-walls of the endosperm of 
various Palms, in which the endosperm has thick pitted w'alls 
consisting of reserve cellulose : it is, to immerse the fresh sec- 
tions in sulphuric acid m which a small quantity of powdered 
Hoffmann’s blue has been dissolved : wdien the sections are 
sufficiently acted upon, w-ash them with water and mount 
in glycerine. The protoplasm will be stained a deep blue, and 
the swollen cell-wall is not stained examine the swollen pit- 
membranes, and if the treatment has been successful they may 
be seen to be traversed by fine curved strands of stained 
protoplasm. 


L 
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RESER\^E AND TRANSITORY MATERIALS 

A-Av riiE vfaietativk region. 

I Ex.iniine ri young Potato plant {Solanuni iubcrosum) dug 
up in CMily summci . note the green shoots abo\c giound, \\ith 
the lea\ es, and leafy axillary buds. Follow the axis dov\ awards, 
and note in the axils of such lower leaves as may be under- 
ground that the axillary buds take an elongated, cylindrical 
forngi, with more or less swollen ends . these are the young 
tuber*. Examine one, and note the distended fleshy axis, and 
smalPbrown scale-leaves : m the axils of these appeal axillary 
budS| the eyes. 

Cut a young Potato transvei sely, and note with a lens, or low 
power, the fleshy, paienchymatous tissue, tia\crscd by small 
\ascular bundles, which aic disposed in a ring, as is t>pical of 
Dicotyledon stems ; but heie the stem is greatly distended. 

The storage materials aie • - 

(c?) starch: for its iccognition and characteis see p. 31, III. 

{b) Proteid-crystalloids : these arc of cubical form, and 
occur chiefl) towards the penphery Cut tangential sections 
from material hardened m alcohol, or in picric acid and alcohol, 
and mount in pure glycerine and iodine the cubical crystal- 
loids will be distinguished by their yellowish biowm staining. 

II Examine the swollen stem (coim) of the common Crocus., 
as sold in shops in autumn. It is disc-shaped, and covered 
externally by dry memlnanous scales at the base is a circular 
scar, aiound which the roots may already be seen. .At the apex 
a central bud, surrounded it may be by others, which are 
plainly axillary. Cut the stock trans\ ersely, and note the 
vascular bundles scattered through the massive conjunctive 
tissue, as in ordinary Monocotyledons. 

Cut thin transverse sections, and stain wdth iodine : the 
numerous starch-grains, which crowd the conjunctive cells, stain 
blue. 
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III. Leukoplasts, or Starch-forming Corpuscles. — These 
are lo be found in colourless tissues, in which a storage of 
stal l li IS taking place ; a young Potato, the ihuome of //7r, 
or Canna^ &c 

Cut up very young Potatoes into small pieces, and treat with 
picric acid : wash out carefully with dilute alcohol, and harden 
Cut sections p.irallel to the surface, and not far below it, since, 
the leukoplasts are best seen m the nioic supeificial cells 
Treat the sections with very slightly diluted tinctuie of iodine, 
and mount in ptiic glycerine examine under a high powei, 
and observe — 

1 The (ells of the usual paicnchymatous type, witb proto- 
plasm and nucleus. ' 

2 Numerous sphencal bodies, usually aggregated round the 
nucleus, and stained yellow or brown these arc the young 
leukoplasts, which h<i\e not )et foimed starch Older leuko- 
plasts may be found attached to staich-grains, which they have 
formed intein.dly the starch-giains, growing larger, and 
staining blue, arc then the more prominent objects. 

The Potato is not such good matenal for demonstrating the 
leukoplasts as the tubeious swollen stems of an Orchid, l^hajus. 
Sections may be tieated as abov'e, and the leukoplasts will be 
seen as rod-shaped bodies of considerable si/e. 

IV Compare with the Potato the tuberous undeigiound stem 
of the Jerusalem Artichoke {Hclianthus fuberoius;) it is of 
iriegularly pear-like shajic, the nai rower end being the con- 
nection with the parent plant, fiom which it aiiscs as an 
axillary branch. Observe the broad, filmy, blown scale leaves, 
in the axils of which again arise conical axillary buds, beaiing 
further scale leaves. Roots are attached to the stem at 11 1 egular 
intervals. 

Cut transverse sections of the thin stalk ; treat some with 
chlor-zinc-iodme, others w’lth glycerine examine wnth a low 
power, and observe that the general structure is like that of the 
Sunflower stem (see p. 4c;;), the Artichoke being another species 
of the genus Hehanihus. The most obvious differences are, 
the very small quantity of sclerenchyma present, and the 
prevalence of transparent parenchymatous tissue. 
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Cut transverse sections thiough the swollen tuber, and com- 
pare them with those of the stalk Note that a slight hypo- 
dermal cork may be present : the scleienchyma is absent from 
the peiicyclc theic is a bulky phloem as befoic, but the \ylem 
IS dissociated into smaller groups, owing to the predominance of 
\ylem-parenchyma and medullary rays, which aie here un- 
lignified ; the mass of paienchyma thus foimed is continuous 
with the bulky pith. The parenchymatous cells retain their 
protoplasm and nuclei, but contain no starch. 

Cut sections from the fresh, transparent tuber : place them in 
a watch-glass in alcohol, and note that the tissue becomes 
opaque : examine a section under the micioscope, and the cells 
wall be found filled with a granular precipitate. Wash out Avith 
water, and they become again transparent The precipitate 
consists of Inulin, w^hich is insoluble in alcohol, though soluble 
in w'ater 

Cut sections fiom material which has been kept in alcohol to 
precipitate the inuhn, and mount in glycerine. Observe the 
tissues as before . but throughout the sec tion are numerous 
■phere*crystslB of inulin, irregularly disposed, and varying in 
size. Note the radial construction of these crystals, and that 
they often include cell-walls, or even whole groups of cells. 

Treat the section with w^ater the crystals dissolve slowly, 
disintegrating along radial lines. 

Treat with potash solution- the crystals dissolve without 
colouration, but more quickly than in water. 

Treat with iodine solution • the crystals are not coloured. 

V. Dig up a plant of the common garden Dahha {D. vari- 
ahilis\ and note that the roots are swollen into long pear- 
shaped tubers, narrowang off at the apex and base into regions 
of normal thickness. 

Cut one of the tubers transversely, and note w-ith a lens the 
soft sappy tissue, traversed by vascular strands. 

Cut transverse sections of the thin portion of the root, and 
observe the root-structure, with polyarch xylem, and secondary 
thickening. There is a large central pith. 

Cut transverse sections of the swollen tuberous root, which 
has been preserved in alcohol, and note with.a low power the 
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numerous sphere-crystals of innlin, as before • they will show 
the same reactions. 

The bulk of the section is chiefly due to increase of 
parenchyma in the secondary xylem : small groups of secondary 
trachea? may be observed scattered throughout the parenchyma. 
Near the central pith the primaiy stiands may still be re- 
cognized. Note also the well-developed protective coat of cork 
at the penpheiy of the section. 

VI. Cut the swollen tapering root of a common Cairot 
{Dauciis Caro/a) transversely note the soft, succulent mass, 
divided by a definite canibium-rmg into a central yellow xylem- 
tract, and a peripheral red tract of secondary phloem. The 
mciease in bulk is due to parenchymatous distension of both the 
xylem and phloem, the latter being very bulky. 

Cut transverse sections from the fiesh Carrot - stain with 
iodine solution, and note that starch is piescnt in considerable 
quantities, especially in the secondary phloem 

Cut some small slices of Carrot, boil them m water m a test- 
tube, add a few drops of Fehlmg’s solution (see Ajipendix A ), 
and boil gently a brick-red piecipitate will be formed, showing 
the presence of Orape-sugiar. 

VII. Cut a Turnip {Bras'iica Napu\) transveisely, and note 
that the enormously distended axis is mainly comfiosed of 
parenchyma, dotted with strands of xylem . a cambium will be 
seen w ith a lens, near the periphery, and the chief bulk is thus 
due to parenchymatous distension of the xylem, rather than the 
phloem. 

Stain a transverse section with iodine solution . starch may 
be found throughout the parenchymatous tracts. 

If tested with Fehhng’s solution, arape-sugar will be detected, 

VUI, Cut the swollen conical lOot of the gaiden Beet 
{Beta vulgaris) transversely, and note the successive rings of 
xylem and phloem, which, w'lth a very laige proportion of 
succulent storage-parenchyma, form the massive root. 

(i) Cut transverse sections : mount them in w-ater, and nofc' 
under a low power the transparent tissue, and coloured cell-sap. 
Treat such a section for a few m^n^ltes with alcohol in a watch- 
glass : on re-examination under the microscope, crystals of 
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small size will be seen in the cells. On irrigation with water 
they will be re-dissolved These are crystals of Cane-Bu^ar. 

(2) Boil some small pieces of Beet-root in a small bulk of 
water pour off the coloured extract, add to it a little of 
Fehling’s solution, and boil no precipitate will be formed 

(3) This point may be furthur verified by testing sections as 
directed above for the Carrot no precipitate will be formed, 
either in the cells, or in the surrounding fluid. These icactions 
will serve to distinguish Cane-sugar from Grape-sugar. 

Similarly, the piesence of Cane-sugar may be demonstrated 
in the Sugar-Cane itself 

IX. Examine a common Onion {Allium Opa) it is a 
tunicated bulb, covered externally by dry, papery, and c ompletely 
sheathing leaf-bases, which arc, together with the fleshy leaf- 
bases within, inserted upon a shoit axis the latter may be 
recognized at the base of the bulb, <md from it numerous roots 
project. Cut the bulb vertically in two, and observe that it is 
composed of— 

(1) The axis, which is bluntly conical, and of small size its 
upper surface is entirely occupied by the insci turns of ■ 

(2) The bases of the leaves of these the inner are fleshy, 
for purposes of storage the outer arc dry, membranous, and 
protective Note at the toj) of the bulb the dried remains of 
the upper assimilating poi turns of the leaves 

(Alt a section through one of the succulent leaf-bases, and 
note the transparent watery character of the tissues. Stain with 
iodine solution starch will not be found. 

Tieat as above with Fehling’s solution, and the precipitate on 
boiling w ill demonstrate the presence of Orape-su^ar. 


B.-/A^ FRUITS AND SEEDS 

I Examine a ripe Grape, the fiuit of J'l/is vinifcra , it is a 
superior bciry note the succulent pciicarp, with superficial 
skin, and the seeds, with haid testa, embedded m the pulp 
I. Cut a transverse section of the ripe pericarp, of such 
thickness that some cells at least shall be uninjured • mount in 
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water, and observe under a low j)o\\cr the transparent paien- 
chymatous pulp, consisting of cells with thin walls, \eiy sparing 
contents, and large central \'a( uole 

Treat fora few minutes wath a relatively large bulk of alcohol 
in a wMtch-glass on re exainining, numcious crystals will now- 
be seen in the cells they are huger th.in those of the Beet. 

Irrigate thoioughly with watei the (lystals maybe seen to 
be re-dissolved . they consist of Grape-sugar, which is n 
solution in the cell-sap of the living cell 

2. Squeeze out the juice of some (napes into a test-tube add 
a little of Fehhng’s solution (see Appendix A), and boil a 
bulky reddish piecipitate is foimed owing to i eduction of tliQ. 
coppei. 

3. So.ik a f.iirly thin section of a Grape in Fchhng’s solution 
wash quickly with water, mount in watei, and boil gently 
o\ei a spirit-lamp a piecipitate like the above (2} is formed 
note under the micioscope th.it the dark-looking gr.inulcs of 
the precipitate fcupious oxide) <ire to be found actually within 
the cells of the tissue, thus indicating that the sugar was 
there 

II. Cellulose occurs as a leserie in the endosperm of the 
Date, and othei Balms for the stiiicture ot the Date "stone,” 
see p 42 {(i) for the chcmic.il le.ictions of cellulose, see 
p. 26, A. 

Sections should be cut and the leactions noted. Thickened 
cell-walls will also be found in sections of the cotyledons of 
Lupin us. 

III. Examine the Common Almond of the shops It is the 
seed Aniy^dahis loininunn., the fruit of which is a dehisc.ent 
drupe : the shell, w'hich is often piesent m shop Almonds, is the 
endocaip. The brown skin of the Almond is the testa, which 
immediately invests the large embiyo, the seed being exalbu- 
minous Note the twai cotyledons, plumule and radicle. 

Cut thin sections of the cotyledon of the Almond mount in 
W'ater, and note the biight-looking oil-drops, both in <incl about 
the section, and disjicised also in the watei. 

1. Irrigate with alcohol the dfops are not dissob eel 

2. Treat a section with a consiOerable bulk of ether in a 
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watch-glass : wash with alcohol, and mount In alcohol, or in 
glycerine : on examination the oil will be found to have been 
dissolved by the ether. 

3. Stain a thin section with tincture of alkanet (see Appendix 
A), the oil-globules stain pink. 

4. Treat a section with i per cent, solution of osmic acid : 
the oil-drops will stain slowly, taking a dusky or black hue, 

5. Treat a section with potash solution, and warm: the oil 
will be partially and slowly saponified, and dissolved. This 
effect of potash is best seen in specimens where the oil is 
.present only in small quantities as isolated globules 

Oil occurs frequently as a storage material, replacing, partially 
or completely, the carbohydrates. As further examples of oily 
seeds, see Hchanthus^ Arachis^ Beriolktia^ &c. 

IV. The structure of the seed of Ricinus has been described 
above . see p. 39 {d) In the endosperm aleurone grralns of 
large size are found. 

Cut through the endosperm transversely, and with a razor 
wetted with olive-oil, or castor-oil, cut thin sections from it . 
mount them in the same oil. Examine under a high power, 
and observe— 

1. The thin cell-walls of the oval cells. 

2. The numerous highly refractive aleurone grains in each 
cell; each gram is of oval form, and a less highly refiatlive 
area is seen at one end : this is the sioboid. 

3. The oily protoplasm in which the grains are embedded, 
this being so transparent as to be hardly visible. 

Cut other sections with the razor wetted with alcohol, soak 
them well m alcohol in a watch-glass to remove the oil, which 
IS soluble in alcohol, but more readily in ether. This solubility 
in alcohol is unusual. Compare oil of Almond, abo\e, III. i. 
If ether be used, wash it ofif afterwards with alcohol : mount in 
pure glycerine : examine the sections under a high power, and 
obser\ e the aleurone grains as before. 

I. Add water,gradually, and watch its effect on the grains. 
a. The outer amorpbou* coat of the grain will sw'ell, and 
become less highly refractive • thus there will be 
disclosed— 
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b. The c#y^alloid, one, or rarely more, being included in 
each grain • these do not swell greatly with watei, and 
accordingly they retain their refractive power, 
r. The globoid will also be visible, 

2, Add dilute potash solution ■ both the amorphous coats 
and the crystalloids will swell and dissolve, leaving the globoids. 
3 Add strong acetic acid the globoids will dissolve slowly, 
Aleurone grams are a form of storage of proteid material ; 
they are usually largest m oily seeds, such as Rumus. The 
crystalloid and amorphous coat arc proteid, the globoid is com- 
posed of mineral matter The grams aie frequently smaller and 
of simpler structure, especially m staichy seeds Sections 
should be cut of the bean, where the staich giains aie huge, 
and the aleurone grams very small of Arathis^ m which the 
storage matciial consists of starch, oil, and aleuione grains • of 
J.upimis, whcie the cell-walls aic thickened, stauli is absent, 
and aleurone giains, of some size, aic embedded in the 
protoplasm. 



GYMNOSPERMS 

VEGETATIVE ORGANS 

EXTERNAL CHARACTERS 

Take a bianch of Pinui <:yhe^tns, cut in aulLimn, including 
at least four yeais’ growth The limits of each year’s growth 
may be recognized externally at those points where false whorls 
of strong lateral axes arc developed ; and the poition of stem 
lying between two such whoils may be regaided as roughh 
representing one year’s growth. 

1, Consider first the growth of the year in which the branch 
was cut, i (’ the part above the youngest whorl of latei.il axes 
At Its apex is a large bud, surrounded by a variable number of 
smaller lateral buds. 

h'rom a bud, which has been treated with alcohol to remove 
the external secretion of the lesin, det.uh some of the brown 
scale-leaves, which (over it externally Note - 

I The SLRc ulent liasc of these scales. 

2 . buds in their axils 

In studying tlie growth of the current yeai, bear in mind that 
It has been derived from a bud which had a similar structuie to 
that which is now seated <it its apex Examine the stem of the 
(Uiicnt year externally, and note — 

1 The thick main axis, more oi less siu culent m tippc.iiance . 
Its surface is maikcd by longitudinal giooves 

2 The peisistent brown tootli-like bases of the scale-leaves of 
the bud, the upper part of which had fallen in spi mg : they are 
best seen at the lower part of the internode. 
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3 In the axils of these, especially at the upper part of the 
internodes, are axillary buds of two kinds 
(,'0 Buds with limited j^rowth (foliar gpiirs), each bearing 
in this species two acicular foliase-leafeg, sunoundcd at the 
base with numerous sc.ile-leaies These dviaif fohaj^e shoots 
occur in the axils of the scales thioughout the gicater pait of 
the current year’s growth ; in older paits they may be found to 
have fallen off, the foliar spurs separating as a whole fiom the 
parent branch 

ib) Buds with unlimited growth, which aie seated close to the 
apex of the shoot of the current year They are few in number 
their stiuctuic has already been obsened earli may develop 
into an unlimited axis The gcnchil h.dnt of the tree is defined 
by these axes of unlimited growth 
It may heic be obsened that {(r\ and \b) have a similai 
oiigin, both being axillary buds in the axils of the leaves of the 
main axis of the cuiient yeai 'fhe aj)p<iient diffeienco depends 
upon the f.ict that the buds (//) aic moie strongly developed 
ih.in {a) 

II Ib'issing to the increments of growth of former years, / c 
to the lower and oldei paits of the branch, in the external ap- 
))car,uue and at langemenl of pails they lesemblc that of the 
(Lirrcnt year d'he mam axis im leases m thickness, and is 
moic obv lously woody, while the fohai spins diop off, leaving 
scars vvliicli mark then foimer position 


IHK sIliM 

It IS best to work with material which has been treated for 
some tunc with s])iiit ; by tins means the lesin, which would 
otbeivvise clog the i.i/oi, is removcnl 

1 Cut liansverse sections of the voung elongating shoot of 
the current yeai, taken m June mount some in gljvenne, 
otheis in c'hloi -/inc-iodinr the sec lions have a waw outline*, 
the indentations c oiiespoiuling to the gioovcs wliuh inav be 
observed externally. Starting from the periphery of the section, 
note the following tissues * 
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1. Epidermiv; a single layer of cells, following the wavy out- 
line of the section ; the walls, especially the outer, are much 
thickened . externally there is a well-marked cuticle. 

2. Cortical tissue, consisting mostly of cells having rather 
thick cellulose walls (blue with chlor-zinc-iodine), and proto- 
plasmic contents with chlorophyll. Other cells have thicker 
and firmer walls, staining yellow with chIor-zinc-:odinc. Many 
cells have recently divided . this is necessaiy to keep pace with 
the growth 111 thickness of the vascular cylinder 

Here and there in the coitex large resin-passages occur 
they arc essentially enlarged intercellular spaces, the cavity 
being lined by a layer of delicate, densely protoplasmic cells— 
the epithelium— which secrete the resin 

Near the periphery of the cortex may be found a l.iyer of 
cork and a cork-cambium (compare stem of Elm, jx 79), 
derived from cells of the cortex by their division by tangential 
walls The mature cells of the cork have no cell-contents 
their walls are coloured yellowish brown with chlor-zinc- 
lodine. 

3. The stele, simtl.ir in geneial stria ture to that of a Dicoty- 
ledon, in so far as the cential pith is stii rounded by a ring of 
vascular tissue : there is no definite external limit to the stele, 
owing to the absence of any charactetued endodermis . nor can 
any distinct pencycle be recognized. 

In sections from near the apex, the vascular ring is more or less 
distinctly divided into so many primary vascular bundles, the 
large medullary rays sepaiatmg them being due to the departure 
of strands to the scale leaves and foliage spurs. But as in 
Dicotyledons (see p. 68), secondary thickening sets in so near 
the apex, that the distinction betw'een these bundles is soon 
lost, and the vascular tissues form an apparently continuous 
ring, as is the case in thin sections of the elongating shoot of 
the current year. In this vascular ring distinguish the external 
phloem, with its bright-looking cellulose walls (blue with chloi - 
/inc-iodine); the internal uylem, the components of which have 
thick dark-looking lignified walls (yellow with clilor-zinc-iodine), 
and the misty layer of cambium betw^ecn them. 

Observe that the internal limit of the vascular ring is sinuous : 
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the convexities mark the position of the primary bundles . at 
the inner limit of these \m 11 be found the protoxylem. 

The pith consists of paicnchyma, having the same chatac- 
ters as in the cortex • there are no resin-passages. 

Tut on a high power, and examine the cambium. Note— 
i. That the cells are arranged with gieat regularity in radial 
rows. 

II. That their walls aic thinner than those of the surrounding 
tissues, and arc composed of cellulose (blue with chlor-zinc- 
lodine) 

III. That the tangential walls are thinner than the radial. 

IV. That the cells have copious protoplasm, in which a nucleus 
may often be lecognized. 

These facts point to a repeated division of cells by tangential 
walls. (Compare Fig 5, A, p 77 ) 

Observe, here and there, radial lows of which the cells are 
more elongated in a radial direction than the rest these may 
be traced outwaids towaids the cortex, and inwards towards the 
pith they are the medullary rays. (Compare Fig. 5, A, row 
2 ) Some of them may be traced the whole way to the cortex 
and to the pith (primary medullary rays). Others only part of 
that distance (secondary medullary 

Follow the radial rows of cambium-cells outwards, and note 
the gradual transition to the permanent tissues of the secondary 
phloem, the constituents of which are also arranged in radial 
rows, and have cellulose w'alls (blue with chlor-zinc-iodine) 
Observe the following constituents of the phloem — 

1 Elements with cellulose walls, and no very distinct con- 
tents : they are radially compressed ' these are the sieve- 
tubes, wha h compose the greater part of the phloem 
li Here and there the radial rows of sieve-tubes are broken 
by single large cells of the phloem-parenchyma, which resemble 
in their characters those of the medullary rays 
iii. Towards the periphery of the phloem the earlier formed 
sieve-tubes are seen in various stages of disorganization. 

Note on passing to the periphery of the phloem, an in- 
creasing irregularity of form of thf tissues, due to distortion, 
caused by pressure from without by the cortical tissue upon 
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the vascular system, as it increases in bulk by secondary 
thickening 

Follow the radial rows of cambium-cells inwards, i c tow'ards 
the ccntie of the stem. Note the transition from thm-walled 
cambium to the thick-walled tissue of the xyiem. If the stern 
was cut in wanter the tiansition will appear sudden, if cut 111 
summer it will .ippcar gradual 

Obseivc that the xylem-ring is cut by the medullary rays into 
wedge-shaped aicas The chief tissue-elements fillin',; these areas 
are the tracheides, whuli piesent the following characteis — 

I. They have appioximately the same shape as the cells of 
the cambium funn which they are dcined. 

II. Their walls aie thick and lignified (yellow with chlor-zinc- 
lodine), and aredifieientiated into layers, distinguished optically 
and by staining. 

III They have no cell-contents. 

IV On their ladial walls (and rarely on the tangential walls) 
aie found the bordered pits, which aie best seen in the xyiem 
formed at the eaily pait of the year 

These appeal, when seen in trans\erse section under a low 
power, as biconvex enlargements of the wall, which look darker 
than the icst of the wall ^tinder a high powei it is seen that 
there is a' biconvex-lens-shaped plt-cavity, over-arched on either 
side by a meniscus-like outgrowth of the wall, w'hich, howexer, 
does not form a complete cover, for a pore on either side leads 
into the pit-ca\ity the cavity of the pit is travel sed by the thin 
pit-membrane: there is a slight swelling at the middle of the 
pit-membrane called the torus The pit-membranc sometimes 
urns straight across the pit, but often it is cuived to one side. 
The wall is thus not peifoiated, but the pit consists of a thin 
persistent region of the wall (the pit-membrane), partially over- 
arched by a thickening growth. 

Observe near the centre, and boidenng on the pith, the 
protoxylem. 

Note the occurrence of resin-passages in the secondary 
xyiem, lined as before by thin-walled epithelium, which may be 
regarded as a form of xylem-parenebyma. 

II. Cut tiansverse sections of a tbree-year-old stem so as to 
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include the whole width of the vascular ring : it is not necessary 
however to h.uc a complete tians\eise section of the whole 
stem. Mount in glycerine Comparing this with what has 
ahcady been observed in the stem of the cm rent year, note the 
following differences — 

1. The cortical tissue bears evident traces of tangential 
extension. This is necessary to keep pace with the incicase in 
bulk of the vascular system. 

2. The phloem is thicker, and the constituents of the outer 
jiait of It are much distorted and displaced 

3 The xylem has increased in thickness moic than any other 
tissue, so that it is now the chief constituent of the stem. It 
may be distinguished as being composed of thicc bands 
(annual rings), m each of which the more central tracheides 
ha\c laige caiityand thinner walls (wood developed in spnng) 
passing outwards till ough the annu.d rmgagiadual icckution 
of the cavity may be seen, and mciease in thickness of the 
walls till a certain limit is reached (autumn wood). 

C)utside the latter is a sudden transition to the spnng wood 
at this point is the limit of each year’s growth 

III. Cut radial longitudinal sections of a thicc-ycai-old 
stem ; mount some in glycerine, others in chlor-nnc-iodine. 
The section should be accurately ladial and longitudinal, other- 
wise the difficulty of study of the tissues is greatly increased 

Beginning at the centre of the stem and passing outwards, 
observe successively — 

1 . The pith, consisting of tw o sorts of elements, both of which 
-are of parenchymatous form. 

a. Cells wath pitted cellulose walls, and having protoplasm 

and nucleus. 

b. Elements of similar form with pitted hgnified walls, 

and no cell-contents. 

2. The xylem, consisting of— 

a. Tracheides with hgnified walls, and no cell-contents. 
Starting from those nearest the pith, and passing outwards, the 
following forms may be observed : 

i. T racheides with narrow cavity, and more or less regular 
annular or spiral marking — the protoxylem. 
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ii. Elements wider than these, and with bordered pits 

scattered between the spirals 

iii. Normal tracheides, with bordered pits only • these form 

by far the greater bulk of the secondary xylem, and 
must be carefully studied. Their form is prosenchy- 
matoua. The greater part of the cell-walls is of uniform 
thickness. On these portions of the wall observe w ith 
the high power two intersecting systems of lines of 
strlatlon. The bordered pits arc found in single longi- 
tudinal rows ; each pit has the appearance of two 
concentric rings, of which the smaller is more strongly 
marked, and corresponds to the opening of the ca\ity 
of the pit into the dell-cavity, the hirgcr rejiresents the 
limit of area of the pit It must be remembered that we 
are now observing the radial walls in surface view. A 
careful comparison should be made of theboidered pit 
as seen here in surface \iew^ with its appearance when 
seen cut through, which is the view' presented in the 
transverse sections above described 

Note the annual rings, recognized here as in the transverse 
sections, the autumnal wood being distinguished by 
the smaller size of the cavity and greater thickness of 
the w'alls of the tracheides. 

b. Here and there the continuity of the mass of tracheides is 
broken ' by a longitudinal reain'passage, surrounded by 
parenchymatous cells, which have cellulose walls and retain 
their cell-contents 

c. The whole mass of x’ylem is traversed radially by plates of 
parenchyma (medullary rays). Note that they extend only a 
short way longitudinally, but a long way radially . also that 
they are composed of cells arranged like bricks in a wall, among 
whiOT may be distinguished — 

i. Cells with cellulose walls, and protoplasmic contents, 

with starch ; the pits in the walls of the tracheides which 
abut on these are unusually wide, and only slightly 
bordered. 

ii. Elements of very irregular form, having no protoplasm, 

and with irregularly thickened, lignified walls, marked 
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with bordered pits Both tissue-forms are commonly 
found in the same ray, the starch-bearipg cells (i) heinfj;- 
towaids the middle, and the tracheidal cells (ii) being 
at cither margin. Note that between the starch-bearing 
cells clearly defined lines maybe seen umnmgradially . 
these aic intercellular spaces. 

3 The cambium-layer, consisting of elongated thm-walled 
cells, the ends of which are difficult to observe They have 
copious protoplasm, and an elongated nucleus. (Compare 
Fig. 5 > P- 77 ) 

Note that the medullary ra>s aie continuous through the 
cambium, and observe the diffeientialion fiom the uniform 
cambium of the ray to the cell-forms (i) and (ii) 

4. The phloem tissues, which are best studied in sections 
which have been treated foi some houis vcith chlor-zinc -iodine, 
consist of— 

a. Sieve-tubes, elongated stiuctures with cellulose walls, 
those which aic radial being maiked by numeious circular 
sieve-plates, here seen in suiface view these sometimes stain 
a sherry brown with thlor-zinc -iodine. The ends of the tubes 
are difficult to observe . their protoplasmic contents aie tians- 
parent and sparing. The sieve-plate is not a simple one, but is 
subdivided into a number of very minutely perforated aicas. 

b. Phloem-parenchyma, cells an anged in longitudinal’ lows, 
with cellulose walls, and copious protoplasm. OtCrisional 
elements (prosenchyniatous 01 parenchymatous) are found with 
brown ccll-contents, in which crystals aie embedded . these 
are found towards the periphery of the phloem. 

r. Medullary rays, radially tiavcising the phloem, as m the 
\ylem (see par. c, p. 160) . the cells in the middle of the lay 
resemble (1) in the xylein , but the liacheidal cells at either 
margin are here replaced by albuminous cells, whieft are 
elongated vertically, with cellulose walls, and dense proto- 
plasmic contents : they leplace the companion cells, which are 
not present in the phloem of Gymnospeims. 

5. Externally to the phloem is the cortical parenchyma, 
which requires no further’ notice here. Outside tins is cork. 
At the periphery of^he section ihel'e may still be the epidermis. 

M 
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IV. Cut tangential sections of a three- or four-years-old branch, 
and bear m mind that as a rule the centra! part of the sections 
IS the most accurately tangential, t.e, that the plane of section 
is there most accurately perpendicular to the radius of the stem 
(See p. 6.) Sections should be cut at different depths m the 
tissues, so that the middle of the plane of section shall traverse 
(a) the peripheral part of the xylem, {h) the cambium, and (0 
the inner part of the secondary phloem. Mount as before. 

a. In sections which pass through the peiipheral part of the 
xylem observe — 

1. The tracheides, of proscnchymatous form No bordered 
pits (or very few) are seen in surface view, but they may be seen 
in large numbers in the radial walls (here cut longitudinalh j 
presenting a similar appearance to that seen in transverse 
sections. 

ii. Medullary ray>, which resemble a section of a biconvex 
lens. Note that each ray extends only a short distance in a 
longitudinal diction : in some cases rays consist of only a 
single radial series of cells, of which only one lenticular cell 
appears in this section. In those rays which consist of several 
rows of cells, note the starch-containing cells inj|.he middle of the 
ray, with pits of large area in their lateral w'alls : and the 
tracheidal cells at either margin, with si|^er bordered pits, 
Observe also the small triangular intercellular spaces wdiich 
intervene between the cells : these are only seen in thin sections. 
Occasiori||ly a resin-passage is included in a i ay 

ill Longitudinal resin-passages. 

b. In sections passing through the cambium will be seen — 

i. The cambium-cells, resembling the tracheidcs m form 
(proscnchymatous) : the cell-walls are thin, and the protoplasm 
granular, with elongated nucleus 

ii. The cambium of medullary rays is similar in shape to the 
cells of the rays : it is thin-walled, with granular protoplasm 
and nucleus. (Compare Fig. 5, C, p. 77 ) 

If these sections be treated with dilute potash, and mounted 
in glycerine, their structure may be more easily made out. 

c. In sefltions passing through the phloem will be seen — 

i. The medtttlary rays in outline as before, but their form is 
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more convex : all the tissues between the medullary rays are de- 
rived from cambium-cells of the foim above observed. These 
aie— - 

11 Sieve-tubes, which retain the form of the cambium-cells . 
the cellulose walls seen in surface view, i.c the tangential walls, 
are smooth • those cut longitudinally, 1 c the ladial, appear of 
wavy outline, the thinner regions being the sieve-plates ; in 
which the secondary areas may sometimes be observed. The 
stru( ture is well seen after treatment with chlor-zmc-iodme for 
twenty-four hours. 

ill. Pbloem-parenchyma, derived from cambium-cells by their 
division by transverse w'alls. 

i\. Some few cells, especially towards the periphery, con- 
taining crystals which give the reactions of calcium oxahitc. 

THE LE.\F. 

Examine the foliar spur of Pmus syhestris as a whole, it 
consists of a very short axis, at the base of which are borne mcm- 
btanous sheathing scales, and at the apex two long needle-shaped 
foli.igc.lcaves ; 110 other species of Ptnus the number may be 
larger Note that the inner or morphologically upper surface 
of the leaf is fli^t,j^ile the outer or lower surface is rounded, 
and the whole leaf is traversed from end to end by two sharp 
marginal edges which are slightly rough to the touch. 

Cut transverse sections of a foliage-lcaf taken from « stem of 
the current year It may be found convenient to embed in 
■paraffin, or to hold the leaf between pieces of pith, or carrot. 
Mount some in glycerine, others in chlor-/.inc-iodi|ie, and 
examine with a low power. Note the semilunar form of the 
section: the flat side is the uppfer, the convex side the lower 
Starting from the periphciy observe sucte.ssi\ply the following 
tissues 

1. A single layer of epidermal cells with very thick w'alls . 
enlarged cells are to be found at the tw'o corners, and since 
these cells project slightly they cause the roughness above 
noted. 

2. A narrow band of thick-walled hypoderma. 
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3. A broad band of chlorophyll-containing mesophyu, with 
resin'p^ssages. 

4 An ^endodermis, consisting of oval cells, surrounding a 
central vascular strand. 

5. A broad band of conjunctive tissue, without chlorophyll, 
which surrounds — 

6. Two central vascular bundles- 

Study these several tissues under a high power. 

I. The epidermal cells have their thick walls differentiated 
into three layers. These may be recognized without staining, 
or better after treatment with chlor-zinc-iodine, as — 

1. A thin external cuticle, not very deeply stained : it ex- 
tends as wndge-like processes betw'een the cells. 

ii, The cuticularised layers, forming a thick band, which 
stains a deep brown. Immediately surrounding the cell-cavily 
is— 

lii A broad pitted band, not deeply stained 

Here and there depressions of the external surface may be 
observed. These indicate the position of the stomata. Ob- 
serve the tw'o i^uard-cells, which are seated some distance 
below the surface of the leaf : an intercellular spare is to be 
seen immediately below each stoma. 

2. The hypoderma (sclerenchymatous).. vanes in thickness 
from a single layer of cells to several layers. It is thickest at 
the corners of the section : the cells are thick-walled, and 
lignified.- Note that it is absent below the stomata. 

3 The mesopbyll consists of thm-walled, chlorophyll-con- 
taining parenchyma ; the cellulose w'alls (blue with chlor-zinc- 
iodine)j^liow' a peculiar in-foIding — arm>parencbyma. Resin- 
passages occur in it ; the^ cavity is Uned with thin-walled 
epithelium, which is immediately ^surrounded by a layer of 
thick-walled sclerenchyma. 

4. The endodermis has its radial walls stained brown with 
chlor-zinc-iodine, 

5. The conjunctive tissue immediately within this consists of 
ihiee sorts of elements— 

i. Parenchymatous cells, with thin cellulose walls (blur 
with chlor-zinc-iodine), and living contents, with starch 
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II. Elements having lignified walls, with bordered pits, 
and no cell-contents (tracheidal or “ transfusion- 
tissue ”) : they form lateral extensions from the 
margins of the xylem 

III. Albuminous cells, with dense protoplasm, forming 
lateral extensions from the margins of the phloem. 

6. The two central vascular bundles, the constituents of which 
esemble those of the stem. Note that the xylem is directed 
owards the upper surface. Thick-walled sclerenchyma is 
.catteied irregularly round and especially between the bundles, 

THE ROOT. 

I. Cut transverse sections of a young primary loot of the 
iccdling of Pintle • or any young rootlet will serve. Treat v ith 
potash, or eati de ja\elle, and mount in glycerine. Observe — 

1. The single superficial piliferous layer beanng loot- 
liairs 

2. The thick parenchymatous band of cortex 

3. The endodermis, a single layer of cells having the charac- 
teristic marking on the radial walls (compare p. 94, 3). Within 
this lies — 

4 The stele, which consists of— 

a. The pericycle, a band three or four layers of cells in 
thickness , 

h. Two to SIX Y-shaped groups of primary xylem, the fork 
of the Y directed outwards : between the limbs of the fork of 
each lies a resin-passage. 

c. Groups of primary phloem, equal in number to the xylem 
groups, and alternating with them. 

d. OoiOunctive parenchyma, intervening between the xylem 
and the phloem, and sometimes forming a central mass of 
pith. 

II. Cut transverse sections of a root of a Pine-tree, about -j-^th 
of an inch in diameter, which will show results of secondary 
thickening. Mount some sections in glycerine, others in chlor- 
zihe-iodine. Observe 

I. The absence of cortex, which will have been completely 
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thiovvn off at the endoderniis, and the section thus consists only 
of the products of the stele 

2 A peripheral band of cork, limited internally by a coik 
cambium, \^hich has arisen in the outer region of the peiiqch 
Internally will be found the lemamder of the peiicycle in i 
quiescent state 

3 The phloem, foiming, according to the age of the lOot, i 
more oi less complete ring Ihe constituents icsemble those 
of the phloem of the stem, and the outermost may be ciushed 
by pressure of grow th from w ithin 

4 The cambium; as in the stem it aiises as in roots of 
Dicotyledon^ (see I ig 7, p 98) 

5 The xyiem, neai the centre of which ma\ still be reco^ 
nized— 

a The gioups of primary xylem, aiiangcd in the foim of a 
Y, each having, as befoie, a icsin passage in the folk 

d The masses of secondary xylem, moie 01 less fan shaped, 
and alternating in position with the piiniaiy \)lcm The con 
stituents of the secondary xylem resemble those of the stem 
In old roots the xylem will have foimed a complete ring, and 
annual rings may be obsei v ed 
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REPRODUCTIVE ORGANS 

It has been above noted (p 154) that at the apex of the 
ordinary vcj>etative bianch in spring there is an apical bud 
surrounded by ,i number of lateral buds, all of which normally 
de\eIop into \cgetati\e axes of the type above described. The 
repioductive organs of Pinu<^ aie produced on buds corre- 
sponding m position to these they are easily distinguishable, 
oven at an early stage of development, with the naked eye, as 
male and female, which are borne on separate axes (diclinous), 
but may be upon the same tree The following observations 
should be made upon specimens preserved in alcohol, otherwise 
they could only be made at intervals, according to the period of 
development of the organs m question. 

A. Male inflorescence.— Note that the inflorescence while 
young appears as a bud covered with brown scale-leaves, in 
the axils of which arc lateral axes easily seen on removing the 
scales. Of these lateral axes— 

a. Those nearest the apex of the bud develop as lateral 
foliage-shoots, as is the case on the ordinary vegetative axis. 

b Below these, a number bear, in place of the two foliage- 
leaves of each spur, numerous stamens : to each one of these 
axes the term flower may be applied. 

I. Separate a single male flow-er, and cut it longitudinally in 
a median plane : it will be found to consist of— 

1. An axis, which bears— 

2. At the base of it several small scale-leaves. 

3. A number of stamens are inserted above. 

^Detach some of these stamens with a needle each consists 
of— 

a. A short stalk, or fllament, which bears at its apex — 
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h. An expanded anther, with two swellings on the lower 
surface (pollen-sacs, or microsporangia). 

•11. Cut longitudinal sections of the male flower in which the 
jiollen IS not yet npe, and mount in glycerine' examine with 
.1 low power. Note the arrangement of the parts as abnxe 
described ' the wall of each pollen*sac consists of a single layei 
of cells in the pollen-sacs note the pollen-grains (micro- 
spores). 

III. Mount ripe pollen-grams {i c such as may be collected 
by shaking a male branch in Juim) in dilute glycerine, having 
previously wetted them with alcohol Observe— 

1. The two large lateral wings, usually filled with air, which 
facilitate the transfer of the pollen by the wind : these arc pro- 
duced by separation of the outei fiom the inner layer of the 
wall, forming a “blister*' between them. 

2 . The central body of the pollen-grain, consisting of— 

a A large cell, which constitutes the greater part of the grain, 
and from which the pollen-tube spiings. 

h A scries of one or more smaller cells affi.\ed laterally to the 
wall of the pollen-gram at a point ])ct\\cen the wings • they arc 
placed on the convex side of the gram, which is not so com- 
pletely coveted by the wings. These take no direct part in the 
formation of the pollen-tube 

To see the internal structure of the pollen-grain, in alcohol 
material, treat with mcthyl-gieen or iodine, or better, with 
chloral hydrate and iodine. The number of the cells visible 
may vary accoiding to the age of the pollen. 

B. Female branches or cones. — Observe on a Scotch Fir, 
towaids the end of June, that there are cones to be found in 
three different stages of development, the position of which is 
constant 

a. Small green cones, one or moic of which occur close to 
the apex of the shoot of the current year. Note that the basal 
part, or stalk, bears brown membranous scales, while the upper 
part is gloluilar, and is marked out into numerous square areas, 
which are the apices of the ovnliferous scales. Comparing 
a shoot, which bears such young cones, with an ordinary 
vegetative shoot, it will be seen that the cones correspond in 
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position to the lateral buds, of which they are the morphological 
equivalent. 

h Larger green succulent cones, whu h occur lateially at the 
apical part of the shoot of the pic\ious year the arrangement 
of parts on these corresponds to that on {a). 

c. Cones larger than (//), bio\\n and with hgmficd tissues 
on these the scales are usual!) moic or less separated from one 
another, so as to disclose the seeds, two of which arc borne 
at the base of each of the ovulifeious scales. These ripe cones 
aie seated laterally near the apex of the third annual increment 
of growth from the tip of the shoot. 

I. Cut median longitudinal sections of a cone corresponding 
to stage {a). It should previously have been hardened nith 
alcohol for some days, mount in glyceiine, and examine \Mth 
a low power Observe — 

1. The central axis, not differing essentially from the )oung 
\egctative axis ’ on this are borne scales of two 01 dots easily 
distinguished by their si/e. 

2. The smaller of these are thebract'scales, lca\cs borne by 
the axis of the cone, and the morphological equivalents of the 
brown scale-leaves which co\er the winter buds 

3. In the axil of cadi of these is borne one of the laigcror 
ovullferouB scales, A^'huh aic longer and more bulky than the 
bract-scales they alone c<in be seen externally On the upper 
sill face of each of these, close to the axis, are borne— 

4. Two ovules or megasporangia, which are so placed that 
the micropyle is directed tow’ards the base of the scale . if cut 
m a median plane, each ovule will be seen to consist of— 

i. One integument, several layers of cells in thickness, with 
a widely open micropyle facing the axis this surrounds — 

ii. The nucellus, a mass of parenchyma, near the centre of 
which is — 

iii. The embryo-sac or megasporcy a cell much larger than 
those of the surrounding tissue, and lying some distance^below 
the apex of the nucellus. 

Pollen-grains may often be found seated on the apex of the 
rfucellus ; one or more of these^inay throw out pollen-tubes, 
which penetrate into its tissue. 



170 


PRACTICAL BOTANY 


Dissect oft' one whole ovuliferous scale, and observe on its 
upper surface, close to the base, two ovules. Note also the 
relative positions of the tw'o sets of scales, 

U Take cones of the stage above described as (/j). The 
material should be collected about the middle of June, and 
must be hardened in alcohol. 

Strip off the ovuliferous scales of such cones . the ovules vill 
lemain adherent to the base of each. Cut longitudinal sections 
of the scales so as to pass through the median planes of the 
ovules : mount in pure glyceiine, and examine with a low pov er 
Obsei V e — 

1. The structure of the ovuliferous scale, which is traversed 
by ^ ascular bundles, and resin-passages. 

2. The ovule, which is united with the scale, and consists, as 
in the younger stage, of— 

a An external integument : note the wide micropyle. 

d. The nucellus as before, but larger. 

c. The embryo-sac, filled with the thin-walled tissue of the 
endosperm. All the parts of the ovule are larger than in the 
younger stage, but retain the same relative positions. Note 
carefully that pollen-grains (one or more) are usually to be 
found lying on the apex of the nucellus, and that from the 
lai ger cell of each of them arises a cylindi ical pollen-tube, which 
liaverses the tissue of the nucellus as far as the apex of the 
endosperm, where it widens out into a laige sac. 

Observe near the apex of the endosperm, and embedded in 
It, one or more large vacuolated protoplasmic bodies : these are 
the egg-cells, or ova. From the apex of each a small cell is 
cutoff shortly before maturity: this is the ventral canal cell. 
Leading upwards from this {i.e. towards the miciopyle) may be 
traced a narrow neck or channel, inclosed by smaller cells than 
those of the surrounding endosperm. The neck, ventral canal 
cell, and ovum, together form the archegonium. 

III. Remove ovules from cones of the second year, taken 
and preserved in alcohol about August. Dissect off from 
them the now hardened integument or seed-coat : note within 
this the delicate remnant of the nucellus, which covers the 
mass of endosperm. Soak the latter in water, and dissect 



]’INE -EMBRYO 


171 

fiom it with needles the numerous embryos, which he in the 
central cavity of the endosperm , treat them wiih potash, and 
mount in dilute glycerine Examine with a low pow'er, and 
observe — 

I. The suspensors, coiled filaments consisting of numerous 
tiansparent thm-walied cells. At the ends of the suspensois 
aie borne — 

2 The embryos: they aie more 01 less elongated, almost 
cylindrical bodies m some c.ises (only one as a iiilc m;;ach 
seed) they may have already formed— 
a An apical cone, which terminates the ficc, anteiior end of 
the embryo ; this being sui rounded by ~ 

/>, A whoil of cotyledons of \anable number. 

(■ The apex' of the radicle, diiected towards the suspensoi 
(/ c. towards the micropyle of the ovule), and embedded in the 
tissue at the posterior end of the embryo 
Note that there is no definite boundary between the suspensoi 
and the embryo. Also that though polyembryony is the rule— 
that IS, anumbet of embryos are at fust formed simultaneously— 
one of these supersedes the rest, and that one alone becomes 
dififerentiated as above described. 


Ripe Seed 

Examine the ripe seed of P. sylvcs/ns^ and note the external 
haul and thick seed-coat: within this the endosperm, which 
incloses the single embryo. It has numerous cotyledons, 
and a radicle, the apex of which is directed tow'aids the 
miciopyle. 


Germinathm , 

Compare plants in different stages of germination, and observe 
the following points in the process.; — 

1. The endospeim swells, and bursts the testa. 

2. The radicle protrudes, and curves downwards. 

*3, The cotyledons elongate, anti^push out the stem and their 
own basal portion from the cavity V the endosperm. 
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4 The rest of the seed is usually carried upwards on the apex 
of the cotyledons, which, with the hypocotyledonary stem, 
elongate greatly. 

5. The plumule develops, forming numerous acicular leaves, 
borne directly on the axis. It is only on the more advanced 
stem that axillary foliage spurs appear. Note that the cotyle- 
dons turn green while still protected from the light, below the 
soil, and within the testa. 



PTERIDOPHYTA 

A -LYCOPODIN^: 

Heterosporous Type 
SELAGINELLA MAETENSII 

.SI^OROPHYTM 

I. This plant is commonly grown m green-houses, and 
specimens can be readily obtained fiom nui scry men. In a well- 
grown plant note wath the naked eye the following external 
characters ■ 

1. The stem ascending, frequently blanched, apparently in a 
dichotomous, but really m a monopodial manner : the branch- 
ing occurs only in a single plane. 

2. The leaves, of small size, and simple m form, with a cihate 
margin, and arranged in alternating pairs , each pair consists 
of a doisal and a ventral leaf, the whole series thus forming 
four orthoatichie* : note the two dilTeient sizes of leaves — 

a. The larger ventral leaves, arranged in tw'o orthostichies, 
and without terminal awns. 

b. The smaller dorsal leaves, also .iiianged m two 
oithostichies, each leaf being terminated by a fine awn. 

Each leaf has a single central vein or midrib. I’urn back 
one of the leaves, and observe plh a lens the small scale-hke 
body called the llgule. 

3. The rhlsophores; long cylindrical branched organs, which 
tirise at the points of branching of the obliquely ascending stem, 
and grow vertically downwards : note their frequent bifiu cations. 
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Remove a rhizophore, which has grown clov\ n so as to reach 
the soil, and wash it ; observe — 

4. The delicate roots, which rise -^t the point where the 
rhizophores enter the soil, and branch in a monopodial 
manner ; and though they often seem to bifurcate it ajjpears 
not tebe a case of true dichotomy 

Obujfve further that many of the branches of the stem may 
have^ ^S|(n metrical arrangement of the leaves close to the 
apex : these are the fertile branches or strobili, which bear the 
sporanifta : note that on these strobih or cones — 

i. The leaves are all similar to one another and of small 
size 

II. That they are arranged m four symmetrical orthostichies, 

III, That, on turning the leaves back, one sporangium will be 
disclosed m each case On comparing a number of sporangia 
which have been exposed in this way, 11 in.iy be seen that theie 
are two sorts of them — 

a, Megasporansiia, which are of a green 01 light-brown 
colour, and appear to be of rounded tetrahedral form. 

Ik MicroaporanRia, which are more nearly spherical, and of 
a reddish-biown colour 

Note in older cones that the sporangia arc already open, 
dehiscence having taken place m a plane parallel to that of the 
leaf. ^ 

Compare the small native species S. spinosa, found in moun- 
tain districts : its shoot is not dorsiventral, biil radial, and all its 
leaves alike : rhi/ophores are absent . but |i the strobilus it 
resembles S Martensii. 

II. Cut out as thick a piece of the stem as can be found, and 
about one inch m length : notea central white dot on the trans- 
versely cut surface - this is the oentpl cylinder, or stele. Slice 
off the upper surface of the stem wfth a razor till the whole 
course of the stele is ob^serve with a lens — 

1. The course of the sti^l^Mfcct is directly longitudinal and 
median. 

2. The small vascular stri^jds, which pass from the stele, 
without branching, into the leaves, and traverse the midribs of 
the leaves. 
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III. Cut transverse sectiontof a \vell-dc\ doped stem mount 
some in glycerine, others in chlor-zinc-iodme others againtnav 
be mounted in acid solution of aniline sulphate Examine fimt 
under a low power, using a high power v\hen necessary, and 
observe the following tissues in succession, starting from the 
periphery of the section : — 

1. At the periphery a layer of small, thu'k-walle% cells, 
forming an ill-defined epidermis, with no stomata it is covered 
externally by a continuous cuticle. Beneath the epidermis, and 
not clearly marked off from it, is— 

2. The cortical tissue: the cells of the periphenil part of it 
have thick stratified and Iignified walls, with no intercellular 
spaces. Passing inwards there is seen a gradual decrease in 
thickness of the walls, and inciease m size of the cells, till an 
abiupt limit is reached at— 

3. The lacunar tissue, consisting’ of thm-walled cells, which 
form irregular trabeculae traversing the intercellular cavity 
m a radial direction . the innermost cells of these trabecule are 
distinguished by a cutinised band on their radial walls, and 
although they are laterally separated from one another they 
lepresent the eudodermis. 

4. The stele is suspended by these trabecule in the middle 
of the large air-cavity. It is of elliptical outline, as seen in the 
transverse sec^n, and is composed of the following tissues .— 

a. The pericycle, an irregular band of compaiatnely large, 
thm-walled cells, which completely surround the central tissues, 
and abut externa% on the air-cavity, and the trabecule. ITe 

• cells of this layer, in common with all the outer tissues, in- 
cluding the epidermis, may contain chlorophyll-corpuscles. The 
pericycle near the apex is seen to arise ftom the division of 
a cell-layer, from which ^^#0 the endodcimis originates: as 
regards origin, therefore, k is not strictly comparable with the 
pericycle of Phanerogams. . 

b. The phloem, recognize 4 * tissue with thin cellulose 

walls, small cavities, and scan^^contents : though reduced in 
bulk at the poles of the elliptiC|Jj stele, it forms a band sur- 
rounding— ^ 

c. The central xylem, which appears as a spindle-shaped 
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mass of tissue when seen in trai#Verse section, and consists of 
elements with lignified walls, and no cell-contents. 

Small vascular strands of roundd||autline, as seen in the 
transverse section, may be found oppwte or near to the ends 
of the spindle-like stele ; these are the leaf-traces, cut through 
on their course inwards from the leaves 

NQt| with a tiigher power— 

1. T[)e general appearance of the phloem, with its highly 
refractive cellulose walls. 

2 . Between this and the xylem is a somewhat irregular series 
of cells of die conjunctive parenchyma, with thin cellulose walls 
and plentiful protoplasm. 

3. The chief constituents of the zyiem are large prismatic 
tracl^idea, with peculiarly marked, lignified walls. There is no 
panralfayma in the xylem. 

4. At the poles of the spindle-shaped xylem note tracheides 
of smaller size : these compose the first-formed protoxyiem : 
thft development of the xylem thus starts from the periphery, 
and proceeds towards the centre. 

n''. Cut transverse sections of fresh leaves held in a piece of 
pith : mount in water or weak glycerine, and observe — 

1. The epidermis of the upper surface consists of conical 
cells, each of which contains a single large chlorophyll corpuscle. 
Stomata are absent. 

2. Beneath this is the spongry parenchyma, 'which incloses 
centrally — 

3. A single vascular strand. ^ 

4. The epidermis of the lower surface consists of smaller cells, 
containing chlorophyll, and with stomata opposite the midrib. 

V. Cut transverse sections of the ihizophore : obseive that 

it contains a single central stele^^ composed of one group of 
xylem, and one group of phloem. 'There is but one protoxyiem 
group ; the stele is thus monarch. There is no lacunar tissue, 
but a normal endodermis, stele of the root resemble^ 

that of the rhizophore. ^ 

VI. Cut longitudinal sections through fertile branches similar 
to those cut from the vegetative bud, and examine them under.!' 
low power. In the lower part, if the section was ifttdian, the 
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same succession of tissues rtfeiy be iccognized, as has been 
alicady described in the trans\crsc section (III). Stalling 
from the outside, they 'Abe as follows -- 

I Epidermis 1 tllwe are hardly to be distinguished one 
2. Outer cortex/ from anothei the cells of both are jiios- 

enchymatous, and thick-walled, and show a gradual transition 
to— 

3 The inner cortex, in which the walls are thinner, and 
the form of the cells parenchymatous. 

4. The lacunar tiaaue, the cells of which arc elongated in a 
radial direction. 

5 The pericycle, consisting of elongated paienchymalous 
cells, with cellulose wmlls, and often containing chlorophyll. 

G The phloem, the most prominent elements of which are 
long narrow elements w'ith cellulose walls and sparirtl^ con- 
tents . these are the Bieve-tubes. 

7 The xylem, the most prominent elements of which are 
spiral and scalariform tracheides, similar to those to be 
desciibcd below as composing the xylem in the Feins 
Obseiwe the general arrangement of the stem, leat'cs, and 
hgules. 

In the lower part of the sections a mature sporangrium may 
be found in the axil of each Ic.if The sporangium may ha\e 
lost its spores partially or cntnely duimg the prcpaiation of the 
sections. It will consist of— 

0 A short massn e stalk. 

A wall inclosing the ccntial cavity the wall will be found 
under a high power to consist of three layeis of cells — 

1. The outer, consisting of thick-walled cells, more or less 
elongated radially. 

II A layer of small, compressed cells. 

111. A layer of thin-w ailed cells, elongated radially ■ this is 
the tapetum, which is here persistent until the spores arc ripe 
Suriounded by the wall will be found— 
c. Spores of tw^o sorts, contained in diffeicnt sporangia — 
i- Microspores of relatively small size * these will be found 
in. large numbers in certain sporangna, which will accordingly 
be lecogni/ed as mlcrosporangia. When ripe they may be still 

N 
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seen to cohere in gioiips of fout; each spore is a single cell 
with a brown wall. 

11, Megaspores of relatively large JKfze : four only of these 
will be found inclosed in a single sporangium, which is accord- 
ingly termed a megasporangium. Each spore consists of ,i 
thick wall, with numerous external projections, surioundmg a 
large cavity filled with protoplasm, &;c. 


THE GAMETOPHYTE OR OOPHYTE 

VII. Spores of both kinds may be obtained free by drying 
branches which bear sporangia on sheets of pajier. Pick out 
the' Piegaapores; and mount them in olive-oil : dissect off the 
brittle outer coat of the spore with needles, and examine undei 
a high power. It will be seen that the chief contents of the 
ripe spore arc a protoplasmic matrix inclosing oil-globules and 
aleurone grams, while traces of the cells of the prothallus mat 
be recognized even in these preparations 

If plenty of spoics are to be had, embed a quantity of them, 
and cut sections, mounting them in glyceime Observe — 

1. The character of the wall, consisting of — 

a. An outer thick, yellow exospore. 

b. An inner thin endospore. 

2 . The contents as above described : the natural position 
of the cellular tissue of the prothaiiug may be seen to be ai 
the apex of the cavity of the spore. 

VIII. Spores of both kinds should be collected in considerable 
quantity by drying on paper, and then be sown on moist soil 
or sand, and left to germinate. From the microspores motile 
spermatoids are produced, which fertilize the archegonia borne 
on the prothallus of the megaspore but it cannot be expected 
that elemental y students will follow the details of this process 
As a consequence of fertilization of the female prothallus, m a 
few weeks young seedlings will be seen with an erect axis, bear 
ing small leaves. Note that the axis of the seedling branches 
at an early period. 

Remove some of these seedlings from the soil, and note tl'x 
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monopodial branching of the loot, and the megaspore still 
attached laterally to the axis. 

Longitudinal section! should be made thiough the young 
seedling, so as to traverse also the megas[)ore attached to it 
in such sections it will be readily seen that a lateral outgrowth 
(the foot) projects from the base of the axis into the cavity of 
the megaspore : also that the latter is filled with a cellulai 
tissue of the prothallus, from which the mitiitive substanies 
above noted in the mature megaspore wall have been remo\ed 

A detailed description of woik to be done on Lycopodium 
chnmtinn^ as a homosporous Lycopod, is given in the larger 
edition. 



B.— FILICINEvE 
I. Homosporous Type 

NEPHEODIUM FILIX-MAS (The Male Shield Fern) 

A.— MATURE SPOROPHYTE 

I —External Cha raefers 

I. Taking a well-grown plant of the common Male Fern in 
summer, wash the soil away from the roots, and observe the 
following external characters . — 

A. The Btem is oblique and ascending • it is pot branched at 
Its apex : its surface is covered by the persistent bases of the 
leaves, which are densely covered by numerous brown scab 

(paleee or ramenta) 

B, The leaves, the most prominent of which are— 

i. The fully developed green leaves of the current year : of 
these the following parts may be recognized : — 

a. A long, almost cylindrical leaf-stalk, which is traversed by 
two longitudinal, lateral ridges or reduced wings. This leaf- 
stalk supports— 

A The numerous pinnae, which are arranged in two lateral 
rows, corresponding in position to the lateral ridges above 
mentioned : note that the arrangement of the veins in the 
segments of the pinnae is based upon repeated bifurcation of 
the stronger veins. On the under side of the pinme will 
frequently be found — 

c. Sort, which are roundish brown groups of small stalked 
bodies (sporangia), each sorus being covered by a kidndy- 

shaped induslum. 
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11. The bases of the leaves of previous years will be seen, 
covering the lower part of the stock or stem evtcinally . 
observe that lateral budi arc frequently to be found connected 
with these, being attached to their ab-axial side, near to 
their point of junction with the stem. 

in Nearer the apex of the stem than the expanded leaves of 
the current >eai, and completely covering it, arc younif leaves, 
densely covered with ramenla . these, together with the axis, 
constitute the apical bud. Note that the apex of each such 
leaf is lolled up like a cro/ier (circinate vernation). 

C 'The roots are rather thin and brown, with transparent 
apices they are inserted on the stem at a point close to the 
insertion of the leaf-base The branching of the roots is wno- 
])odial, and then branches appear in <u ropetal succession. 


11 —Anatomical Characters to be obseroed with the naked eye 

II Having obsened the above external chaiacters, remove 
the roots, keeping the tiansparent apices of the young roots, as 
well as the thickest paits of the old roots: these should be 
])iescr\cd in alcohol for fuithcr treatment. 

III Remove fiom the apical bud the large quantities of scaly 
hails (ramenta), so as to lay bare— 

1 The young leaves, with their circinate vernation. 

2 The broad apex of the stem, with leaves in various stages 
c)f development aiound it 

3 The young roots, which w ill be found ah eady present, c lose 
lo the bases of the young leaves. 

4 1'hc young buds, which may be observed at a v'cry caily 
istagc on the ab-axial side of the leaves 

If the specimen be a laige one, with a stock 5 or 6 inches m 
length, cut off about 2 inches of the older end of the stem 
exposed as above, and boil it in dilute hydrochloric acid till the 
parenchyma is soft for further treatment of this see below 
Meanwhile smooth the cut end of the remainder of the stock 
" ith a razor, so that it may present an e\ en surface of trans- 
verse section, and observe— 
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a. The great irregularity of outline, due to the close crowd- 
ing of the bases of the leaves. 

b. The dark brown band of scleranchyma bordering the 
jieriphery of the section. 

c. The great bulk of the stem, consisting of yellowish paren- 
chymatoua ground* tissue. 

d. A number of larg’er vascular strands, steles, embedded 
m the ground-tissue, forming an irregular ring 

€. A numbei of smaller vascular stiands, outside this ring, 
which run out into the petioles. 

This stem is thus polystelic, and u will be seen below that 
each stele corresponds m essential structure with the single 
stelf ;,of the rnonostelic SelagmcUa above described 

IV. Divide the stock, including the apical bud, into two 
symmetrical halves by cutting it in a median longitudinal 
plane : smooth one of the cut surfaces with a razor, and 
observe — 

a. That the stem is of almost equal thickness throughout 
Its length, i.e, it is roughly cylindrical. 

b. That Its external conformation is very irregular by leason 
of the closely crowded insertion of the leaves. 

c. The ground-tissue as before 

d. The large steles (</, above), vhich are not continuous 
in direct longitudinal lines, but form an interrupted senes 

e. The smaller strands of the leaf-trace (c, above), which in 
some cases may be followed, after a little careful dissection 
of the parenchyma which surrounds them, from one of the 
larger steles of the central system into the base of one of the 
leaves. 

Slice away carefully the external tissues of the posterior 
part of the stock, so as to lay bare the central system of larger 
steles : it will then be seen that these form a continuous 
network with large meshes, and that each mesh is opposite the 
point of insertion of one of the leaves, hence it is called a 
foliar gap. Observe also that the several strands, which pass 
out into any individual leaf, are given off from the margin of its 
own mesh. 

Confirm these observations by the dissection of the stock : 
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the parenchyma may be easily removed, leaving the vascular 
system as a network, which gives off numcious weaker strands 
from the margins of its meshes ; these w'cakcr strands run out 
into the leaves. 



Fig. 28 —Vascular skeleton piepared !)> iiKRiiatioii and dlsseclion fryiii the stem o( 
Ni'phrodtum Fili.\ -mas (After kemke ) (j . i ) 


By careful dissection a skeleton may be prepared similai to 
that shown in Fig. 28. 


1 1 1 .—Muroscopu Itivcstigalum 

V. Cut transverse sections of the stock of Nepht odium : it is 
hardly to be expected that a transverse section of so liulky a 
?tem as this could be cut so unifoj^inly thin that the structure of 
all the tissues could be well seen : it is better therefore to cut a 
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number of sections, each extending over a comparatively small 
area, and to study the various tissues separately. Mount some 
m glycerine or glycerine jelly, others m chlor-zinc-iodine. 
Examine under a low power, and observe successively the 
following tissues, starting from the periphery of the stem •— 

a. An epldenui*, consisting of a single, somewhat inegulai 
and ill-defined layer of cells, with dark blown outer walls 
their arrangement is disturbed at the point of inscition of the 
ramenta, wdiich appear as plates one layer of cells m thickness, 
rising obliquely from the epidermis Beneath this is — 

b. The eround-tiBBue, w^hicli is diffeicntiated as — 

I. An outer narrow band of tissue, with lather thick, colour- 
less, pitted walls, and cell-contents w'lth much starch . there are 
no intercellular sjiaces. 

II. A band of sclerenchyma, w'lth thick, yellow’, obviously 
stratified, and pitted walls, cell-contciils as in (1 ), and no iiitei- 
cellular spaces. This merges gradually into — 

111 The bulky central mass of ground-tissue, m which- the 
steles are embedded. It consists .of cells with comparatively 
thin, pitted, cellulose walls, protoplasmic contents with much 
starch, and with intercellular spaces. Internal glandular hairs 
are also found m the intercellular spaces. 

c. The steles of elliptical outline . they are embedded m the 
ground-tissue, and are sharply circumscribed by a narrow, light 
brown layer of cells without intercellular spaces this is the 
endodermis. Among the tissues inclosed by this sheath, note 
that a large central mass may be distinguished as consisting 
for the most pait of elements with large cavity, no cell-contents, 
and rather thick walls with a peculiar marking . this is the 
xylem. Between this and the endodermis is a bioad band of 
tissue with thin, bright-looking w’.ills, and with protoplasmic 
contents : this is the phloem and perlcycle 

In the sections treated with clilor-zinc-iodine note that the 
walls of the inner ground-tissue stain blue, and that starch is 
found m the cells ; that the endodermis appears browner than 
before ; that the walls of the phloem stain blue (cellulose), and 
the contents yellowish, while the pericycle, which lies outside 
it, may be distinguished from it by the starchy contents of its 
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cells ; the walls of the chief constituents of the xylem stain 
yellow (lignified). 


Since it is easier to prepare good sections fiom the 
rhizome of Piois aquilum (the Common Bracken) than from the 
stock of Nep/irodium, and at the same time its steles aic huger, 
and their elements more distimt, it will be found more con-^ 
venicnt to continue the high power obseivalion of the stele in 
the former plant. 7 'he stiucture is essentially similar in both 
(ascs, and onl) diffeis m detail 

Cut thin sections from tlie rhizome of Vicris mount some in 
j^lycenne, others in chloi-zinc-iodine . 01 these sections may be 
stained with h<emato\ylin and mounted in Canada balsam. 

1 Observe with a lens, or with the naked eye, that m this 
(ase there are two concentric rings of steles present. The 
outer senes consists of a number of relatively small steles, of 
which the one opposite the lower surface is usually the largest, 
'ihis senes represents the typical ring of steles as found in 
Nephrodium. The central senes of steles may be regarded as 
an additional complication derived from the outer scries it 
( onsists usually of two or three separate steles of larger ‘^ize, 
but occasionally they maybe connected by one of then maigms, 
or even by both . in the lattei case they form a closed ring. 

2 The Bclerenchyma of the stem consists of a pen- 
[dieicd dark brown band similar to that m Nephrodium^ 
outside which is a sc.ucely distinguishable epidermis. An 

’additional incomjilctc nng of simil.u elements lies between 
the two series of steles . it is usually composed of an upper 
stiongly curved portion, and a smaller flat portion which is 
nearer the lower surface Small isolated patches of brown 
sclerenchyma may also be seen dotted about in the ground- 
tissue. 

3 Examine also the parenchymatous ground-tissue, which 
will be found to consist of cells w'lth thin cellulose w.ills, and 
mucilaginous protoplasmic contents, with much starch. Note 
especially small pegs and rods^wlnch appear as superficial 
outgrowths from the w^alls adjoining the intercellular spaces. 
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Select a stele of medium si/e, in thin section, for detailed 
observation under high power. Startihg from its periphery, 
observe— 

i.*”The endodermiSj which is a definite but naiiow layer of 
cells, without intercellular spaces between them, and with dense 
brown contents, 

11. The pericycle, a layer one or sometimes two cells thick, 
lying immediately within the endodeimis. Its cells have 
cellulose walls, and protoplasmic contents : they also contain 
numerous starch-grams. Here again, as in Sch^s^inclfa, botli 
endodermis and peiicycle arise fiom divisions in a common 
layer of mother-cells. 

iii. Within this is a band of phloem, w’hich is wider at the 
flattened sides of the stele, but narrower at the two ends. The 
first-formed elements of the phloem, or protophloem, form a 
distinct zone towards the outside : they are angular and 
flattened in appearance, with somew'hat swollen cellulose walls 
The rest of the phloem (mctaphloem) consists of— 

a. ■leve-tubea, which may be recognized by their polygonal 
outline, large cavitj, sparing contents, and cellulose w^alls • note 
where two sieve-tubes are contiguous that bright yellow 
granules may be seen adhering to the w'all ; these indicate the 
position of the sieve-plates. 

b. The phloem-parenchyma, cells with thin cellulose walls, 
and dense piotoplasmic contents, but without starch, 

iv. An elliptical area of xylem occupies the centre of the 
stele. It consists of two kinds of elements 

a. Tracheides, large circular or polygonal elements with 
thick lignified walls, and no cell-contents. The walls show a 
peculiar structure, w'hich will be better understood on com- 
parison with their appearance in longitudinal sections. At 
certain points in the xylem-mass the tracheides are seen to be 
of smaller size, and to have thinner walls, which are sometimes 
crushed out of shape . these are the protoxylem groups, and 
because they occur within the substance of the xylem, they are 
said to be mesarch. 

b. Xylem-parenohyma, cells wdth cellulose walls, and proto- 
plasmic contents, and also starch. They are scattered irregularly 
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among the tracheides, and also form a layer surrounding the 
xylem, and separating it from the phloem. 

VII. Longitudinal sections should also be cut, so as to 
traverse both series of steles : they may be treated as abiDve 
directed. Note in the^e the thin-walled ground parenchyma, 
and the brown aclerenchyma : the latter consists of fibrous 
cells, with peculiar crossed pits in their walls. 

i. The endodermis consists of narrow oblong cells with 
square ends, and with brown contents. 

II. The perlcycle is composed of wider oblong cells, with 
protoplasmic contents, and starch . the ends are square or 
oblong. 

III. The sieve-tubea which appear as wide tubes, with 
pointed ends, and cellulose walls . the lateral and tci minal 
surfaces of the walls which separate contiguous sieve-tubes are 
covered W'ith numerous sleve-plateB (best seen in sections 
stained with chlor-zinc-iodine), to which round, highly refractive 
gianules adhere: these gianules stain yellow with chlor-zinc- 
lodine. In surface view it is seen that the sieve-plates are so 
large, relatively to the aic.i of the wall between them, that the 
latter has the appcaiance of a coaise reticulation. 

Note especially the irregular beaded outline of the wall in 
longitudinal section : this will be best seen in sections which 
have been cut so as to pass through the phloem in a plane 
par.illel to the flattened side of one of the larger steles. 

IV The scalarlform tracheides, which arc the main con- 
stituents of the xylem : being elongated and pointed, while the 
walls are marked by iransveisely-ex tended boidered pits, 
arranged regularly so as to gi vc a ladder-like appearance ; but 
they (iiffer from them in one point, for by a careful examination 
of fine sections it may be ascertained that the pit-membrane 
which remains permanently m Nephrodium^ is often broken 
down on the oblique terminal walls in Pteris : this is, how'ever, 
exceptional for Ferns. 

v. The cohJunctivo parenchyma, distributed among both 
sieve-tubes and tracheides. 

VIII. Separate out some piece*. of the stele from the stem of 
Pteris or of Nephrodtum ; clear away the surrounding tissues 
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from them, and warm them gently in a test-tube with a little 
potassium chlorate and nitric acid (see Schube’s macerating 
fluid, Appendix A.), till the elements of the bundle may be 
separated easily one from another, then stop the action by 
diluting with water, and mount m water or glycerine By pre- 
paring them in this way the tracheides, &( ., may be subjected 
to separate examination, and their form and structure may b(' 
moie exactly made out 

Apply the same process to the scicrenchyma, and observe 
the form and marking of the walls of Us (onstiluent elements. 

IX. From around the apical bud of a w'dl-^^rown plant of the 
Nephrodmm remove successively the bases of the leaves of 
previous years, those of the current year, and finally the largci 
cii (mate leaves, w'hich would have unfolded in the following 
year. Carefully remove the smaller ones with a scaljiel, and 
then with forceps gradually pull off the huge mass of brown 
scales, which completely cover the extreme apex. With a stitl 
camcl’s-hair brush remove the rest of these scales, including 
the youngest of them, which will still lem.nn round the punctum 
vegetaiioms : after this treatment it will be easy to obsene 
with a pocket lens— 

1. The apical cone {punclum vegetattoms)^ a lounded papilla, 
occupying a central and terminal position in the flattened apical 
region. 

2. The young leaves, situated lound the apical cone, and 
successively larger the further they are fiom the apex. Note 
the circinate curvature which appears at an early period in their 
development. 

X With a sharp razor, wet with water, or with very w’eak 
spirit if the material be fresh, or with strong spirit if it has been 
previously hardened in alcohol, remove the extreme apex of 
the punctum vegeiationn^ taking care to cut accurately in a 
transverse plane : mount in water or m weak glycerine, and 
examine with a low power If the section be thin enough, it 
will be seen that a large cell of triangular outline occupies 
the centre of the apical cone, while the cells immediately sur- 
rourtding it are arranged in more regular order than those at a 
greater distance. This cell is the apical cell, and the cells 
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surrounding it have been derived by ccll-division fiom it, by 
means of walls parallel to its thice sides they arc c.dlcd the 
segments, and it may readily be seen that these a[;<un 
undergo subdivision If the section be not sufficiently trans- 
paient, it may be treated with veiy dilute potash and weak gly- 
(crmc, or, better, with “eau dejavelle,” which will clarify the 
tissues, and make the cell-w’alls more distinct. 

The form of the apical cell, and of the segmental cells which 


5 



Fig 29— View of a model of a tlirce-buled P3'ramidal (or titralicdial) apical cell, 
as seen from above , the walls t,/ g, h k, denote siicxcssivt walls by which 
siRmcnts have been (Ut off from the ip-owiiiR apical cell i is th< ripi s of the 
piramidal cell, at which point the three joiingesi scRiuental walls cut one 
another (After Sachs ) 


suriound it, will be readily appreciated on compaiison of 

hig. 29. 

XI. From the ape.\ of another plant cut median longitudinal 
sections : mount in weak glycerine : a very little dilute potash 
may be added if the sections are not transparent enough, or 
they may be treated first with “ eau dc javelle,” and then be 
mounted in glycerine. 

If any one of the sections has passed through the apical cone, 
in a median plane, the apical cell will be seen presenting a 
wedge-like appearance, and the cells around it will .show, in the 
tegularity of their airangement, that they ha\’c been derived 
from segments successively etj^ off from the apical cell. 
(Compare Fig. 30.) It may be concluded from the observation 
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of transverse and median longitudinal sections that the form of 
the apical cell is that of a three-sided pyramid. 



Fig. 30 —Diagram showing the arrangement of cell-walls as seen in a median longi- 
tudinal section through an apical cone of the stem with a pyramidal apical cell 
A, A, are the segmental walls, which foiin part of the system of aiiticlinals , 
a, a, walls by which each segment is cut into two equal halves • these complete 
the anticlinal curves ; penclinals, which are not completed up to the ape\ 
(After Sachs ) 

# 

The structure and mode of origin of the young leaves should 
also be observed in the median longitudinal sections. 


T/te Root. 

XII. Cut transverse sections from the root of Nephrodium^ 
selecting for that purpose the thickest part of an old root 
mount in glycerine, and observe under a low power. There is a 
single central stele, surrounded by a broad belt of cortex. Put 
on the high power, and note at the periphery of the cortex— 

1. The piliferous layer: certain cells of this superficial layer 
have grown out as root-hairs, remnants of which may still be 
seen. 

2, The greater part of the section consists of the bulky, brown.- 
walled cortex, of which the outer parts are thin-walled ; but 
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passing inwards there is a sudden increase in thickness of 
the wall, so as to foim a dense scicrenchymatous ring, this 
sun oiinds-— 

3 The endodermis, which consists of a single layer of cells 
flattened tangentially, and having the usual dot-hke marking of 
the ladial walls : this may be difficult to observe, as the radial 
walls are often pressed out of shape. Within this layer lies — 

4. The pericycle, which usually consists of tw-o layers of cells 
with thin walls, and obvious piotoplasmic contents. 

5 The centre of the stele is occupied by a diametiic plate of 
xylem,witha groupof small elcmenls,protoxylem, at eithci end 
The stele is ther^fdre dlarch. The iiiotoxylcms aic situated at 
the extreme periphery of the xyleni, abutting upon the peiK ycle • 
they are therefore said to be exarch, and thcxvlcm is dev eloped 
towards the centre (centripetal), where the hugest tracheides are 
to be found. 

No xylein-parenchyma is to be found among the tradicides, 
but a sheath of parenchyma suriounds the x)leni-strand as a 
whole, and separates it from— 

6. The phloem, which foims two bands, one on either side of 
the xylcm-plate. It shows exactly the same chai.ictcnstics as 
that of the stem. In old roots crushed protophloem elements 
may be lecognizcd towards the peiiphcry of the phloem- 
strands. 

XIII. Cut median longitudinal sections of the apex of a root 
vvhich has been haidencd in alcohol, at most only one 
absolutely median section can be obtained from a single root ■ 
it will be found convenient to embed the apex of the root in 
paraffin, or to hold it between pieces of pith or cariot. Mount 
in glycerine, and examine first with a low' pow^r choose out 
those sections in w'hich there is a symmetiical arrangement of 
tissues around a single, laige, tetrahedral apical cell, which lies 
at some distance fiom the extreme apex. (Compare Fig. 31.) 
Note— 

I. That the orientation of the apical cell is constant, i.e. one 
corner is directed towards the oldei part of the root, while the 
side opposite ^hat corner, ix. the anterior face of the cell, is 
perpendicular to the axis of the r^ot. 



192 


PKACTICAL BOTANY 


2. That around the apical cell are regularly arranged seg- 
mental cells, which have successively been cut off from it b\ 
walls parallel to the sides of the apical cell. Of these— 
a Those successively cut off from the base form the root- 
cap, dividing up by regularly arranged walls into a mass oi 
regular cells. 

b. Those cut off from the sides of the apical cell form the 
body of the loot; these also divide by walls in regular suc- 
cession. Observe carefully the arrangement of these walls, and 



Fig. ■?! — DiaEr.am illustrating the arrangement of cell-walls .os seen in a medi.in 
longitudinal section through the apex of the root of a hern /, Til, ftc , indicati 
segments cut off from the .sides of the apical cell, which go to form the body cil 
the root , h, I, m, n,p, are successive segments from us ba.se, which go to form 
the root-cap (After Goebel ) 


by comparison of several sections ascertain their order of 
succession, and their relation to the various tissues of the root 
above described. 

XIV. Cut successive transverse sections of the apex of a root 
which has been hardened in alcohol • this may easily be done 
if the root be held between pieces of pith, or better by em- 
bedding in paraffin. If possible, keep all the sections in thei^ 
proper order of succession, and mount in glycerine. Examine 
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with a low power, and choose out those m which the large 
apical cell is to be seen. Obbcrve caiefully — 

1. The form of the apical cell, apparently three-sided : 
combining this lesult with that obtained by examination of 
the longitudinal sections, the fotm of the w-hole cell must be a 
three-sided pyramid. (Compare Fig 29) 

2. The segments arc arranged in legular older round it, and 
are cut off successively from the thicc sides, 

3 Note the mode in which the seteral segments aie fuither 
tin icled. 

Next examine a section which has passed thioiigh the root- 
cap immediately above the apical cell: this will include the 
young segments cut off from the base of the apical cell by 
ti.insverse w'alls, and destined to form the root-cap. Note the 
fust divisions of these segments by walls arranged crosswase 
It may be seen that these walls do not coincide in position in 
successive segments. 


The Leaf 

XV. Cut transt'erse sections of the petiole of Nephrodium 
note a number of isolated steles, similar to those in the stem, 
but arranged in a horse-shoe-like cur\ e, the heel of the horse- 
shoe being towards the adaxial side. There is a hypodermal 
?one of sclerenchyma, and the layer of ground-tissue next the 
endodermis has the tangential walls of its cells strongly 
thickened. The protoxylems are cndarch, on the side of the 
xylem next to the org.anic centre of the sect. on. 

XVI. Cut transv^erse sections of a pinna of a leaf of NepJuo- 
dium^ which has no son upon it : mount m weak glycerine, 
and observe with a low power tliat the outline of the section 
shows the leaf to be of equal thickness throughout, except 
w'here traversed by vascular strands : at those points the pinna 
is thickened, the low^er surface projecting convexly. 

Examine with a high power, and observe successively the 
following tissues, starting from the upper surface 
, 1. A regular epiderml* with a thin cuticle; the epidermal 

cells contain chlorophyll : thertft<are no stomata. 
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2. The mesophyll consists in its upper part of thin-wallcd 
cells containing chlorophyll, and with small intei cellular spaci s , 
this passes by gradual transition into the lower pait, whcie tlie 
intci cellular spaces are larger, and the form of the cells less 
iTgular, Internal glandulai hairs aie ficqucntly to be found in 
the intercellular spaces of the mesoplnll, 

3 The low'er epidermis, the cells of which also contain 
chlorophyll : numerous stomata arc present : note the form ot 
the two g:uard-cells as seen m transv'ersc section, and thdi 
position in 1 elation to the cpidcimis. 

4 Here and there vascular strands of circular outline \m 1 i 
be found embedded in the mesophyll the larger of these 
coi respond in position to the sw ollen ribs of the pinna 

Note the endodermls as a continuous layer of cells, whuli 
completely suriounds the circular bundle, and within this the 
x'ylcin and phloem elements, similar to those of the stem. The 
steles of the petiole, as they pass upwaids from the petiole, 
lose the phloem on their inner side, and thus show an approadi 
to the collateral type of vascular bundle, the xylem bcinn 
nearest to the upper surface of the leaf. 

X\TI. Cut tangential sections (or strip off the epiderind 
from the upper and the lower suiface of the leaf mount .e 
before, and compare them. 

a. The epidermis of the upper surface will be found tn 
consist of cells with sinuous outline, and protoplasmic contents 
with chlorophyll * no stomata will be found. 

b. The epidermis of the lower surface consists of cdh 
Similar to the above : there arc stomata with tw'o guard-cells 


The Sponwpn. 

XVTII. Having examined the sori as directed on p. i 8 o with 
the naked eye or with a lens, cut transverse sections throuit'i 
pinnae of leaves which bear sori, taking care that the section^ 
shall pass through one or more of them ; mount as before, aiul 
examine with a low power. Note — 

1. The structure of the pinna, as above described. 

2. Opposite to, and seated upon a vein will be found d'^' 
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membranous tndusium, which is seated upon the cnlaigcd Acin, 
or placenta^ and, like an umbiell.i, co^clS over - 

3 The aporangria, which arc biconve\-lcns-s]ia]ied, brown, 
stalked capsules, attadicd to the jilacenta, and filled with — 

4 Numerous roundish, blown, unicellulai spores. 

Observe moic closely the siuuture of the single spoiangium. 

It is composed of— 

i. The stalk; which is of consicleiable length, and usually 
consists of tbiee rows of cells Stalked glandular hairs aic 
often found as lateral branches on the stalk of the spoiangium 
in this species. 

11. The capsule, which has the form of a biconvev lens, and 
consists of a marginal senes of cells with pcculiaily thickened 
walls, which constitute the ring:, or annulus ; and thmner-w ailed, 
flattened cells, which togcthei foim the lateral walls of the 
completely closed sporangium. 

Place a number of mature, but not yet ruptuied sporangia 
upon a dry slide : warm them \eiy gently o\er a spiiit-lamp, 
and obsciwe quickly undei a low power, note the movements 
of the sporangia, so as to eject and scattci the spoics iheic 
IS first a stiaightening of the annulus oi imp, which causes 
luptuie of the thin region of the wall then a subsequent le- 
covery, w ilh a sudden jerk, to its original cui \ cd position. '1 he 
spores aic thus forcibly thrown out 

Similar results may be obtained by mounting in water, and 
subsequently adding glycerine ; in fart, on the removal of water 
by evaporation into the an, or by a reagent such as glycciine, 
the curved annulus tends to straighten itself, and so ruptures 
the thin wall of the sporangium. 

Note sporangia in which the thin latcial walls have been 
ruptured transversely, the ring having straightened itself out. 

Examine single spores under a high power . they are 
unicellular bodies, having a brown wall, with external band- 
like outgrow ths of the exospore, or outer layer of the w^all All 
the spores are alike (homosporous). 

The various stages of development of the sporangium may 
be found in any sorus in which, only the first sporangia have 
come to maturity, treat the sections previously with weak 
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potash : if this makes them too transparent, neutralize with 
weak acetic acid, and mount in glycerine ; or the sections may 
be treated at once with “cau de javelle,” and then be mounted 
in glycerine. 


n,^THE GAMETOPHYTE, OR OOPHYTE. 

I Dry some of the leaves of Nephrodium^ which bear sori, 
on a piece of paper, the spores will then be set free by the 
rupture of the sporangia, and they may thus be collected in large 
quantities. Sow' some of them on damp earth • keep them 
moist, and sheltered from direct sunlight ; they w ill then germ- 
inate, and after a few weeks the surface of the soil will be found 
to be covered with small, green, flattened bodies each of which 
IS an indiv idual prothalluii. 

From time to time, pick off* some of the young prothalli with 
a needle from the surface of the soil by this means a series of 
observations may be made which will illustrate successive stages 
of development of the prothallus. 

II. Examine a single, fully-grow’ii prothallus w’ith the naked 
eye, and observe— 

1. The form, w’hich is flattened, and more or less kidney- 
shaped, with a depiession of the margin, at the base of which 
IS the org:anic apex of the prothallus. Note that the central 
part of the prothallus is often perceptibly thicker than the 
periphery : this thicker part is called the cushion. 

2. The position of the piothallus while gi ow ing : it is usually 
oblique to the surface of the soil. 

3. The rhizoids, which spring from the under surface of 
the cushion, and run dow'nwards into the soil. 

4. The green colour, due to the presence of chlorophyll ’ 
the prothallus is thus capable, under suitable circumstances, of 
carrying on the process of elaboration of fresh organic sub- 
stances. 

III. Wash a fresh, well-developed prothallus carefully in 
water, so as to remove the soil from the rhizoids ; mount it 
whole in water, with the lower surface directed upwards, and 
examine it with a low power. Observe again the chief points 
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seen above with the naked eye, which are now more plainly 
visible, and note especially— 

1. The form and structure of the cells in the lateral, thinner 
portions of the prothallus . they are polygonal, and have thin 
cellulose walls, and protoplasm containing a nucleus and 
numerous chloroiihyll-corpusclcs : the cells at the margin are 
often extended as hair-hke outgrowths. 

2. The cells composing the cushion arc of similar structure, 
out are aggiegated m a mass more than one layer of cells m 
thickness many of the cells will be seen to have grown out as 
rhuoids 

3 The depressed apex of the piothalius, which is occupied, 
not by a single wedge-shaped cell, as is the case m early stages 
of development, but by a closely aggregated series of marginal 
cells, with thin cell-walls, and every appearance of iccent and 
repeated ccll-divisions. 

4. The antheridia, which arc hemispheiical outgrowths, 
situated chiefly on the postciioi and lateial portions of the 
under side of the prothallus. 

5. The arcbegonia, which aie situated on the cushion near to 
the organic apex of the prothallus the multicellular neck of the 
■iic'hegonium protects from the suifaceof the prothallus as an 
elongated cylmdneal stiucture. 

Under the low power select one matuie anlhendium, and, 
without moving the slide, adjust the higher power so as to 
observe the structure of the same anthenclium in detail. It will 
then be seen that it consists of— 

* <r A wall, composed of a single la)ei of tabular cells : this 
completely surrounds— 

/>. The apermatocytea, or mothci-cells of the speimato/oids, 
which are small, and not veiy numeious. 

Other antheiidia may be found which have alicady burst the 
outer wall : in these the contents of the mother-cells may perhaps 
be seen escaping from the ruptured anthendium as spiral 
spermatoaoida, endowed with active movements. If a prepara- 
tion showing motile spermatozoids be treated with a weak 
solution of iodine, the movements ,v\ih cease with the death of 
the spermatozoids, which will assume a blown staining, while 
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the clua attached to the anterior ends of them a\i 11 then be 
clearly seen. 

Select under the low power one matuic archegoniiuu, and 
then observe it in detail under the highei power. If the neck 
be vertical, which w’ould under the circumstances be the natural 
position, since the prothallus w'as mounted with the lower surface 
uppermost, there will then be seen, on focussmg^ down upon it, 
four rows of cells composing the wall of the neck, and sui round- 
ing one cell, the canal<cell. 

IV. Harden some prothalh with alcohol, or with picric acid 
and then with alcohol The preparations described below may 
also be made from fresh material, but the results will not be 
nearly so good as if one of the abo\c methods of fixing and 
hardening be adopted. 

Hold a prothallus thus piepared between pieces of jiith, or 
embed as diicctcd on p. 8 • then cut sections perjicndicularly 
to the surface of the prothallus, so as to pass through the cushion, 
following the organic axis from base to apex. Mount in 
glycerine, and examine first with .1 low' power. 

The lower surface may easily be recognized by the presence 
of rhixoids : on this lower side, chiefly near to the apical end 
of the section, which is characterized by its small cells with 
tiiin walls, will be found archegonia ; these may be recognized 
by the multicellular neck, which projects beyond the surface of 
the section. In some cases the canal of the neck may appear 
of a deep brown coloui . this is the case in old aichegnnia 
which ha\e not been fertilized, and they should be disregarded. 
Select one arcbegonlum of full size and healthy appearance, and 
examine it under a high power. 

Observe that it consists of— 

A. The central series of three cells, which may be distin- 
guished as— 

a. The canal-cell; this is oblong in form, and its walls are 
subject to mucilaginous degeneration : it occupies the channel 
of the neck, and has been above alluded to as being visible 
when the neck of the archegonium is seen from abo\ e. 

A The small ventral canal-cell, w’hich lies immediately 
below the oblong canal-cell, and is of rounded form. 
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c. The oosphere^ or ovum, uhich is of lelatnely large size, 
and roughly spherical form : it is embedded in the tissue of the 
cushion, and consists of a dense mass of granular protoplasm. 

Ih The neck, which is composed of cells arranged m four 
rows, constituting together a cylinder or lube, one layer of 
cells m thickness . this projects from the surface of the pro- 
thallus, and incloses the ( ells (a) and (/>>} of the central senes, 
while (c), the o\um, is embedded in, and surrounded by, cells 
of the cushion 

At the end of the section moic remote fiom the ape\ 
maybe found antheridla. Select one fully developed, and it 
will be seen to consist essentially of an outer wall one layer of 
cells in thickness this incloses acential mass of celb, the con- 
tents of which ma\ be seen to be lounded offhand to ha\e 
assumed the foim of a closely coiled spiial . these arc the 
gpermatocytes, or mother-cells of the spermatozoids. 

The dehiscence of the anthendia, the escape of the spermato- 
zoids, and their movement, should be observed with particular 
attention m fresh prothalh mounted m water ; also the ojicning 
of the ape\ of the neck of the archegonium in both cases the 
piocess depends upon a mucilaginous degeneration of cell-walls 
of the inner cells, and asubseciuent swelling by taking up water, 
and consequent luptuie of the outei walls Fuithcr, the move- 
ments of the living speimatozoicls may be followed, and the 
act of fertilization observed the spermatozoids pass thiough the 
mass of mucilage which fills the neck of the aichegomum, and 
finally coalesce with the ovum. 


C.~THE YOUNG SPOROPIIYTE, OR FERN-PLANT. 

I. The result of the piocess of fertilization of the ovum by 
the Spermatozoids is the development of a new Fern-plant (the* 
Bporophyte), and in cultures which have been continued fot 
some months such )c)ung Fern-plants may be seen attached 
to the jirothalh, but one prothallus pioduces only one young 
F^rn -plant. 

Select a prothallus to which a young Fein-plant is thus 
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attached, and wash from it the soil which adheres to it. 
Examine it with a lens, and observe— 

1. That the prothallus itself is similar in form and structure 
to those before observed. 

2. That the young Fern-plant is firmly attached to its under 
surface by a lateral protrusion (foot). 

3. That the young Fern-plant consists of the following 
parts : — 

a. A root, w'hich turns downward into the soil. 

A A lateral protrusion, the foot, which maintains a close 
physiological connection betw-een the prothallus and the Fern- 
plant. 

c, A first leaf, or cotyledon, with an elongated petiole, and 
bifurcating, expanded, upper part . this usually grows upw^ards 
through the depression at the apex of the prothallus. 

d. Between the base of the cotyledon and the foot is the ape* 
of the otem, which continues its growth, and produces new 
leaves. 

A prothallus, bearing a young plant, should be cut in median 
longitudinal section, so as to traverse the insertion of the 
young plant, and its organs Examine under a low pow er, and 
observe the physiological connection by means of the foot 
between the tw'o generations : also the relative position of the 
paits of the embryo, as above noted. 



BRYOPHYTA 

A.-MUSCI 

POLYTRICHUM COMMUNE, L 

A.-CENERAL EXTERNAL CHARACTERS 

I. Observe in well-grown specimens of this Moss taken in 
spiing or early summer— 

1. The erect stem, ^ which may attain a considerable length, 
branching but larely. 

2, The leaves,* of relatively small size, and simple form . then 
arrangement is in a complicated spnal : at the base of the stem 
note— 

3 A dense mat of rhlsoids of brownish colour. 

At the apex of some specimens will be found merely a bud, 
composed of young leaves of the vegetatue type, otliei 
specimens will bear at their apex— 

4. Cup-like rosettes of leaves, which assume a blight reddish 
or orange colour, and protect the sntheridla j other specimens 
again may bear at their apex— 

5. The mature sporogonium or spore-capsule, of which the 

_ I Though the terms “stem” and "leaf" are used here, it must bo distinctly borne 
in mind that the members thus named, being irarts of the (iametophjte genoration, 
are not stj-ictly comparable with the stem and leaf of Vaicular plants, which aic parts 
of the alternate bporophyto generation. 
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head or tbeca is supported on a long stalk, or seta. Note in 
specimens which are not too ripe— 

a. The calsrptra, a dry fibrous hood, covering the apex of the 
sporogonium beneath this is— 

b. The lid-hke operculum with its terminal beak • this lid 
may be easily detached, disclosing— 

c. The pale-grey epiphragm, which appears as a transverse 
membrane, attached at its margin to the capsule by a number 
of short teeth of the peristome- 

d. At the base of the theca observe a swelling tailed the 
apophysis 

e. By carefully removing the leaves from the apex of a plant 
which bears a spoiogonium, it may be seen that the base of the 
seta IS enveloped by a closely fitting sheath, theveilorvaginula, 
the origin of which will be explained later. 


n.-MICKOSCOPIC JNVESTIGA TION 

Ctametophyte Generation 

II Cut transverse sections of the leafy region of a mature 
stem of Polyirichum : mount some in glycerine, otheis in chlor- 
/inc-iodinc, or in iodine solution examine them first under a 
low power, and observe, in those mounted m glycerine, the ir- 
regular outline of the section, due to the attachment of the leaves. 
The mass of tissue composing the section shows two distinct 
regions • — 

1 The outer region, consisting of thick-vv ailed cells, with 
brownish cell-w’alls. Light streaks seen in it here and there 
indicate leaf-traces. 

2 . A central mass of clearer yellow-walled elements, without 
contents. 

a. Observe under a high power, and examine first this clear 
tissue (2). Some of the walls are thick and yellow (staining 
dark brown with chlor-zinc-iodine) ; while others arc so thin and 
colourless, that they can only be seen with difficulty (chlor- 
zinc-iodine leaves them unstained). This tissue is called 
hydrom: it is specially concerned with the conduction of w'ater, 
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and lepresents the xylem physiologically. The largest elements 
of the hydrom are at the centre, while outwards they become 
smaller, thinner-walled, and lighter coloured. 

b Surrounding the hydrom is a layer of comparatively small 
(ells, with blown, walls, In mg contents, and copious starch. 
— the hydrotU'Bheath. 

c Sun ounding this, again, an .i regular zone of larger cells, 
with faint yellow walls, which contain protoplasm, but no starch 
this IS the leptom, and may be regarded as rcpicscnting the 
phloem. These tissues are best distinguished m sections 
stained with chlor-zmt-iodine 

ii The leptom is not clearly limited towaids the outside, but 
passes o\er into the largei, thick-walled, and brown cells of the 
cortex, which becomes more scleiench) matous, and deeper 
colouied towards the peiiphcry of the section its cells contain 
st.irch Note that no intcicellular spaces occur between the 
( ells of this or of any other tissue of the Gametoph>te. 

Obserte the presence of leaf-tiaces tta\ oiling through the 
coitical tissue towaids the central \ascular strand, which may 
be t.iken to represent the stele of the higher plants 

At the extreme outer limit is a thin cuticle, with small and 
irregular outgrowths, there is no cleaily-defincd cpideimal 
later 

111 . Cut median longitudinal sections of the stem of Poly- 
irn/ium . mount in chlor-zinc-iodinc. Note— 

1. That the peripheral cortical region consists of elongated 
proscnchymatOLis elements, which gradually become paienchy- 
matOLis inwards. Leaf-traces may be obserted passing through 
to join the central strand. 

2. The elements of the hydrom aic \cry elongated, and their 
terminal w'alls, which are e.\tiemely oblique, are very thin, and 
difficult to sec ; so oblique arc they that in transverse sections 
they appeal to be longitudinal, and form the delicate colourless 
walls mentioned above, II. a. All the walls aie smooth and 
without pits. 

3. The elements of the leptom are only slightly elongated, 
wiUi comparatively thin walls, the ^jertmnal w-alls being only 
slightly oblique : they contain protoplasm and a nucleus, but no 
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starch, and may be distinguished from the cells of the hydrom- 
sheath by the dark colour of the walls, and the starchy contents 
of the latter. 

IV. Strip off a few mature leaves , mount one of them in 
water, with the upper surface uppermost, and obser\ e under a 
low power that the narrow, linear upper portion is marked on 
Its upper surface by longitudinal strut (the lamellK), and has a 
minutely serrated margin the bioad, sheathing, basal portion 
of the leaf, which is closely applied to the stem, is thin and 
membranous, and is not marked by longitudinal stiue. 

V. Cut trans\erse sections of leaves . this may easily be done 
by holding the terminal bud of a mature plant between pieces 
of pith, or by embedding m paraffin, and then cutting transvci sc 
sections of the whole bud. Mount all the sections as before, 
and examine first with a low power Neglecting the almost 
circular trans\eise sections of the stem, lecogni^c — 

1. Those transverse sections which ha\e passed thiough the 
sheathing basal portions of the leaces' these may be leadily 
distinguished by their broad lateral wmg'^, only one la}cr of 
cells m thickness. 

2. Those wdiich have been taken fiom the upper part of the 
leaf these may be distinguished by their more bulky appeal - 
ance. 

Having recognized these sections, put on a high power and 
examine them in detail — 

I. In the section of the sheathing base of the leaf observe — 

a. The two lateral wings, consisting of a single la)er of cells, 
with thickened outer walls, and but little chlorophyll. 

The more Inilky central portion, consisting of -- 

1. An irregular layer of superficial cells with thickened outer 
walls, covering both upper and lower surface : beneath these 
are— 

iu Bands of sclerenchyma, in which the lumen is almost 
obliterated. 

iii. Within these lies a vascular strand, consisting of elements 
essentially similar to those composing the central strand of the 
stem. 

2. In the sections of the upper part of the leaf note that the 
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anangement of the tissues is for the most part similar to that 
m the abo\e sections, but rather more bulky, while opposite 
each of the cells at the upper surface is seen to be attached 
a scries of three to six chlorophyll-contammg cells, which repre- 
sent transverse sections of those longitudinal plates, or lamellae, 
above observed on the upper surface of the leaf - the uppermost 
cell in each lamella is enlarged and forked. It is olnious that 
these chloiophyll-cbnlainmg lamellm arc separate laterally from 
one another they constitute the chief assimilating tissue of the 
plant. 

Scxiial Ch'gans. 

\''I Take a mature anthcridium-bearing axis of Polytnchum, 
and dissect it with needles in a watch-glass, keeping all the 
detached parts. Examine them carefully with a lens, and 
observe the following categoiies of organs — 

1. The perigonial leaves, which are widened latc’^ally into 
very broad membranous wings, walh a cleaily-defined central 
midiib. 

2. The white, club-shaped antheridia. 

3. The parapbyses, which will often be found associated with 
the antheiidia. some of them are simply filamentous, others 
are more 01 less clcaily spathul.ite. 

VII. Cut median longitudinal sections of a male axis : mount 
in weak glycerine, and with a low powei recognize the several 
organs abocc desciibed, and their ielati\e positions; note 
especially the antberidla in the axils of the pcrigonial lea\es. 
Observe under a high power the structure of a single antheii- 
clium : it consists of a shoit stalk, and a club-shaped body, 
composed of (i) a wall a single layer of cells in thickness, and 
(ii) a central mass of cells of more or less clearly cubical form ; 
these are the spermatocytes, or mother-cells of the spermato- 
lOids. 

VIII. Take fresh antheridium-bcaring specimens of Poly- 
trichum^ after some days of jdry weather (or keep them rather 
dry for some days, carefully preventing any access of w ater from 
above) : squeeze one of them between the finger and thumb : 
the antheridia will thus be easily forced from their position, and 
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may be mounted in water. If they were properly mature, it 
may then be seen that on contact A\ith water tlie anthendia 
bill St, and the spermatocytes escape, aggicgated in a mass In 
each cell of this mass a spiral body may be seen, m active 
movement ultimately it will escape, owing to niucilagmous 
swelling of the wall of the mother-cell, as a fiee spermatozoid 
of spiral foim, having two cilia. 

IX. .Since Funaria Jiy^ronictrim produces sporogonia at all 
times of the year, and is very common, while Polytrn/iiini 
comjuufic IS reproduced sexually only in the spring and caily 
summer, it will be convenient in most cases to use the foimer 
in examining the archegonia. In either case, however, it is a 
matter of some experience and expenditure of time to get a 
good senes of preparations illustrating the development and 
structure of the archcgonium, and the caily stages of the 
production of the sporogonium. 

Take a sod of Funana^ with no sporogonia as yet visible 
upon It, but which bears anthendia these will be situated at tlie 
apices of the shorter axes • many of the longer axes will appeal 
to be leiminated by ordinary vegetative leaves, and it is on 
these axes that the archegonia may be found. 

From such buds, after hardening in alcohol, cut medi.in 
longitudinal sections it not transpaient enough, treat with 
dilute potash solution, and mount in weak glycerine Examine 
first with a low power, when the usual arrangement of axis and 
leaves may be observed ; between the youngest leaves an 
archegonitim (or sev^eral) may sometimes be detected. If 
mature, it will be seen to be a flask-shaped organ, seated on 
a short massive stalk ; it consists of— 

1. An elongated neck, more or less con tot ted, composed of a 
single layer of cells arranged in four to six rows : these surround 
a central canal, which is filled with mucilage at the time of 
fertilization, but before maturity there may be seen within it a 
series of canal cells. 

2. A lower, enlarged Tendhil portion, consisting of two 
layers of cells, which constitute the wall, and inclose a central 
space, in which may be seen the naked spherical ovum, and 
above it the smaller ventral canal cell. 



POLVTKIC] lUM-F,rOROr] lYTE 


207 


SpOrophyte Generation. 

The Sporos^o/nutn 

X ll.'ning noted Uie external cliaiacteis of the sporofjonmm 
of Poly/riihum, as abo\e dcsciibed (p 201), cut liansvcrse 
sections of tbe mature seta mount in j^lycerine, or j^lycerinc 
jelly Beinj,^ a cylmdiical organ, the tianstcrse section is 
circular. Note — 

I. The superficial layer of cells, with a definite cuticle and 
thick yellow walls. 

2 A band of blown sclerenchymatoue cells, which graduate 
nternally into— 

3 A thin-walled parench3rma with large intercellular spaces, 

and containing chlorojihyll. 

4 A central strand without intercellular spaces, composed of 
constituents essentially similar to those in the gametopinte, but 
on the whole of much simpler structuie. 

XI. Cut median longitudinal sections of the base of the seta, 
which IS inserted on the apex of the Moss-plant' mount as 
before, and note in the upper pait of the seta the supei'ficial 
layer, brown sclcrenchyma, thin-w ailed parenchyma, and central 
stiand, as abo\c described. Following the seta down to the 
base, It will be seen that the cuticle and brown sclcrenchyma 
stop short, and aie replaced by thin-walled paienchyma with 
plentiful protoplasm; this tissue of the spoioph)te is inclose 
connection with the inner suiface of the vaginula, which 
belongs to the gametophyte generation, and originates fiom the 
lower portion of the archegonial wall. 

XII. Passing now to the apex of the sporogonium of Polyiri- 
chitm^ remo\’c the calyptra : mount it in w ater or w eak glycerine, 
and examine under a low power. It consists externally of 
dry, branched, hypha-hke filaments, loosely matted together : 
the neck of the archegoniun|^ay often be recogni 7 ed at its 
extreme apex. Open the cw^tra with needles in a drop of 
water on a slide, and observe the firm inner cap, which is 
covered externally by the hairy indumentum ; the latter is the 
result of outgrowth of superficial cells of the calyptra, and the 
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whole originates fiom the upper poition Sf the archegonial 
wall, 

XIII. After having noted the external form of the capsule, 
and of its operculum, transverse and longitudinal sections should 
be cut. For this purpose it will be well to select young 
specimens, in which the capsule has not attained more than 
half its full girth after hardening in alcohol they may be 
embedded in paraffin, or held m pith, and the sections be cut 
mount m glycerine or m glycerine jelly. 

Taking fii St transverse sections cut from the middle of the 
capsule, examine them under a low power, and observe the 
circular or slightly quadrangular outline of the section ; its 
constituent parts may be recognized as follows 

1. The wall of the capsule, consisting of several layers of' 
chlorophyll-containing cells, of which the outermost has its 
external wall thickened and cuticulanzed, like a typical epider- 
mis. 

2. Internally to this wall is an air space, travel seel m a radial 
direction by filaments of cells, containing chlorophyll : these 
are connected internally with— 

3. The spore-sac, which is limited internally by— 

4. An inner air-space : this also is traversed by filaments, 
which connect it with — 

5. The central columella. 

Examine the spore-sac under a higher power, and, if the 
sporogonium be of the right age, it will be seen to consist ol 
usually fiv e layers of cells. 

a. Two external layers of thin-walled cells forming the 
outer wall of the spore-sac. 

A A central layer of cells with dense protoplasmic contents • 
this is the archesporium, which is originally a single 
layer, but may undergo divisions as it grows oldei : 
ultimately by division of each of the resulting mother- 
cells into four, and Uieir separation from one another, 
the spores are pral|ped. 

c. The archesporium is sheathed again on the inner side by 
two internal layers of thin-w^alled cells, forming the 
inner wall of the spore-sac. 
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According to tife age of the sporogonium various conditions 
of the spoic-sac may be obscr\ed, from the single aichesporial 
layer, to the condition of mature spores. 

XI Examine median longitudinal sections of a similai 
)Oung sporogonium, and recognize m it the se\eral parts above 
noted. 

The outline of a median section will show at the base the 
naiiow seta: passing upwaidsto the capsule, it will be found to 
consist of— 

1 The apophysis, which appeals as a basal swelling limited 
b> a definite epideiinis with stomata: internall) is a mass 
of lax, chlorophyll-containing tissue. 

2. Abo\e this is the real capsule, in which will be lecogni/ed 
as befoie in the tiansxeise section — 
a 'I'lie wall of the c apsule. 
b. 'i'lie outer air-space tra\erscd by filaments. 
f 'Phe spore-sac w’lth structiiie as befoie described, 

(t 'I he inner air-space. 
i\ 'I'lie cential columella. 

'J'hese severally terminate below m the tissue of the apophysis 
above they may be tiaced to a point close below — 

3 The operculum, which appears as a conical lid, at the to]) 
of the capsule. 

4 Note carefully a tiansverse band of tissue of pale, com- 
pi essed cells, at the base of the opeiculum this is the epiphra§rm 
mentioned on ]) 202, which lemams aftei the operculum is 
icmoved At the maigin of it will be seen — 

• 5. The peristome, consisting of a series of curved cells, with 
their walls more or less thickened accoidmg to age 

In Older to sec the condition of the epiphiagm in the matuie 
capsule, and its connection with the teeth of the jieristome, take 
a ripe specimen fiom which the operculum has dioiipcd off. 
With a sharp razor cut tiansveisely through the capsule so as to 
remove the epiphragin mount jg water and examine undei a 
low power. Note that the epifiPhgm is a thin pajieiy tissue, 
without mtei cellulai sjmc es. The peristome c onsists of 64 teeth, 
cpnnected below with the wall of ^lie c.ipsule, above with the 
margin of the epiphragin. l>y drying up of thinnei walled cells 

P 
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between the teeth, spaces are formed, tlirougli which the spores 
can escape. The capsule becomes inverted at the peiiod of 
ripeness, and the dry spores are dusted out through these 
spaces. 

XV. Scatter spores from the ripe sporogonium of Polyiri- 
chum^ or of some other Moss, o\er moist soil, and keep them at 
a moderately high temperature, under a bell-glass, for a few 
days The surface of the soil will soon be seen to be ovei- 
grown by numerous fine green filaments llaMng carefully 
removed some of these with a needle, and having washed the 
soil from them, mount them in water, and examine them undci 
a high power. Note— 

i. The dark-coloured outer coat of the spore, the exospore, 
which may be found still attached to the filaments after they 
have attained a considerable length. 

11. The fine filamentous protonema resulting from outgrowth 
of the endoapore : observe especially the septa, which are often 
oblique ; the branches, usually arising immediately below a 
septum , the various development of these branches, either — 

a. As relatively thin filaments, with brown cell-walls, and no 
chlorophyll . these are the rhizoids, and they penetrate the soil 

b. As relatively thick filaments, with colourless cell-walls, and 
containing chlorophyll • these constitute the true protonema. 

c. As solid buds, which are usually situated at the base of one 
of the branches such as a on^ : m these solid buds of v'arious ages 
may be traced the successive stages of development of the 
Moss-plant, which is thus produced as a latcial bud on the 
protonema. 

Cultures of protonema, showing all the most important char- 
acters above noted, may be obtained at any time of year bv 
cutting fine sods of Furiaria, or other Mosses, inverting them 
under a bell-glass, and growing them in moist air, and at a 
moderate temperature, for one or two weeks. 

It will also be found possihLe, by culture of detached leaves, 
and portions of the stem of TO Moss-plant on moist soil, and 
under other favourable conditions, to induce a formation of 
protonemal filaments by direct outgrowth of cells of tho.^it 
parts. 
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Observations should also be made on the rhizoids, and proto- 
nema of various Moss-plants, by remo\ ing them trom the soil, 
and washing them gently with water and mounting m water 
examination will show the brow'n underground rhizoids, with 
oblique septa and no chlorophyll these may rise to the surface 
of the soil, and de\elop as a branched, green protonema . oi 
such jirotonemal filaments may spring from superficial cells of 
the stem or leaves 


In many respects Polyfnchum is more complex than othei 
Mosses ' It IS therefore desirable to make observations also on 
some smaller and simpler ex.imple, such as Fitnaria hyp-o- 
mctrica, which is found growing in tufts, on waste ground, walls, 
iS.c , especially w'here ashes are present, where heaps of 
leaves have been biiinl . it is very common, and is easily 
recognized by its pale colour, and the sinuous form of the seta 
when in fruit. 

In gcneiiil moijihologv it lescmbles Polytruhuni consisting 
of a shoit axis beai mg le.ives, and attached lielow by rhizoids 
to the soil : but the axis is very short, and the leaves pellucid. 

Cut transverse sections of the stem of Funana, and mount 
in weak glyceiine, or glycei me jelly it is seen that the stem is 
of much simplci stiucture th<m that of Po/y/fulnint at the 
centre of the section there is a small but distinct stiand of thin- 
walled, small-celled tissue this is the equivalent of the central 
strand of The rest of the sec tion is made up of 

p ircnchymatous cells, whose walls are brownish colouied, .ind 
become gradually thicker towards the outside The pciiphcial 
cells usually contain chlorophyll. 

Mount a single leaf m water, theie aic no lamelhe picbcnt 
as in Poly frit hum, but thcie is a conspicuous midiib, and the 
rest of the leaf consists of a single la) cr only of chlorophyll- 
containing cells. 

The sexual organs are as in Polytriilmm^ and aie on distinct 
plants, but not surrounded by any specialized le.ives . they are 
^l^roduced at almost any period of the vxar. The general plan of 
the sporogonium, and its mode of production, is like that in 
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Folytrichum : one point of difference is to be noticed, viz, 
that, when the operculum falls auay, no cpiphragm is to be 
seen, but a double fringe of brown contorted teeth of the 
peristome, inserted round the margin of the ca\ ity of the capsule. 
The tips of the teeth are all free, and move hygroscnpically. If 
longitudinal sections be cut of the young capsules, the structure 
will be seen to differ from that of Polytruhiim^ (i) in the 
absence of the inner an -space, the inner wall of the spoic-sac 
being continuous with the columella ; (2) the absence of the 
epiphragm . (3) the greater size <ind ]nominence of the peristome. 
The study of longitudinal and transverse sections of cajisules 
approaching maturity will show that the peiistome is composed 
of an inner and an outer series of teeth, and that the two scries 
are portions of the cell-walls of a single cell-lav cr which have 
become sepaiatc by the rupture of the thinner parts (A the 
walls. 



B.— HEPATIC/K 

MAKCHANTIA POLYMORPHA, L 

A-GE^ERAL EXTERNAL CHARACTERS 

I. Takinc. a ficsh growing sod of Marchaniia^ obser\e the 
following external characters with the naked e\c. or by help of 
a pocket lens -- 

1. 'I'lic flattened form, sinuous maigin, and piostrate position 
of the branched, giecn thallus, 

2. Its dull, daik gieen upper surface, marked by diamond- 
shaped areas, and in the middle of each of these a dot, which is 
a single stoma. 

3. Projecting from the upper surface there are in most cases 
small circular cups, with a finely cicnatc margin, in which m.iy 
be seen numerous dark green tlaltened bodies, the gemmae: 
these may be easily detached by slight mechanical clisttiib- 
ance. 

4. Note the organic apex of the thallus, situated at the base 
of a terminal depression (compare the prothallus of Ferns) 
also that the branching is dichotomous, though the ultimate 
development of the originally similar branches is unequal, so 
that the result is a sympodlum. 

5- In some cases the branches of the thallus may have 
assumed peculiar forms, together wath an erect position : these 
are the branches which bear the sexual oigans, and two 
'different types may be easily recogpized as borne upon different 
individual plants, vi?,- 
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a. Branches with a relatively thin stalk, bearing a terminal 
disk with crenate margin, and having numerous dot-like 
mai kings on the upper surface these aie the male branches, 
ha\ mg the antheridia on then upper surface 

Ik Branches, also with thin stalks, bearing a terminal star, 
about I inch to 4 inch in diameter : these are the female 
branches, which produce the archegonla on their under suiface, 
and ultimately the sporofironia and spores. 

II. Remove a thalliis carefully from the soil, and wash with 
water, taking care not to mjure it* examine the organs on its 
lower surface with a pocket lens, and note especially — 

1. The numeious rhisoids or root-hairs, attached chiefly to 
the centr.il midrib 

2. The amphi^astria, white or purple lamclhr attached to the 
lower surface of the thallus. and most clearly seen in the regions 
near the apex, where they are closel) aggregated so as to 
protect the young t'ssue 


n -MICROSCOPIC OBSER I TIONS 

III, Cut transverse sections of the vegetative thallus of 
Marchanha, av'oiding at first the cups bearing the gemmie, and 
the sexual blanches. It is easier to use mateiud h.irdened m 
alcohol, and to embed it in paraffin, or to hold it between pieces 
of pith but if sections be cut from fresh green material the 
piesence of chlorophyll will be found to be an advantage in 
distinguishing the tissues. Mount some sections m weak 
glycerine, others in chlor zinc-iodine, or in iodine solution : 
examine under a high power, and, starting from the upper 
surface, observe— 

a. The saperficial layer, or so-called “epidermis,” consisting 
of a continuous layer of cells of small sue which contain chloro- 
phyll • the continuity of the layer is broken hcie tind there by 
the so-called “stomata” . these, however, differ from the tiue 
stomata of the higher plants in the mode of their development. 
This layer is attached to the subjacent tissue at intervals only, 
by continuous vertical plates of cells . the lines of attachment 
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of these plates to the superficial layer correspond to the limits 
of the diamond-shaped aieas above noted. 

b. Beneath the “stomata'’ are laigc areas, the air-cavitieB, 
in which are seen numerous lound or oval cells, grouped in 
simple or branched scries, and attached to the lower surface of 
the cavity : their cell-walls are thin, and consist of cellulose . 
these cells contain chlorophyll, and are the chief assimilating 
tissue of the plant. 

c. Below Ihis is a massive tissue, \vhich constitutes the great 
bulk of the section . it consists of oval cells , the v\alls are thin, 
and maiked with shallow pits . the protoplasmic contents are 
scanty . in the cells nearer the upper surface there are often 
numerous starch-grains. Indnidual cells here and there in 
this tissue have peculiar mucilaginous, or highly refractive, 
yellowish or brown, oily contents. 

d. .\ttachcd at the lowci surface of the thallus may be seen 
organs of two kinds— 

I. Hairs, or rhUoldB, which are long and unicellular, and 
are inseited deeply in the tissues of the thallus . some of these 
arc smooth-walled ; others show dotted or peg-hke ingrowths of 
the cell-wall of vaiiotis form. 

II. The amphii:a8tria, which m.iy now be seen to be plates 
of tissue one la>cr of cells in thickness their cell-walls are 
often coloured \iolct or brown. 

Returning now to the “stomata,” note under a high power 
their structure as seen in a good ti.ins\crse section each will 
appear as consisting of tiers of small cells ('four or mote in 
■depth), which surround a large centr.il cavity. 

IV, Cut tangential sections so as to strip off the so-called 
“epidermis”: mount with the outer surface uppermost in 
weak glycerine : observe under a low power the diamond- 
shaped areas above described, and a single large “ stoma ” in 
the middle of each. Under a high power note— 

1. That the cells of the “epidermis” contain chlorophyll. 

2. That each “ stoma ” is bounded by four or five of the tiers 
of cells above described, 

• 3. That these cells contain but liJtj;le chlorophyll. 

4. That on focussing downwards it becomes apparent that the 
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lowest cell of each tier piojecls into the cavity of the “stoma,” 
so that the channel at that point presents a stellate ap{>earanre 
in surface \ lew 


Gemmcr 

V, Remove fiom one of the cups on the upper surf.ice of 
the fresh thallus of Manhaniia some of the gemmse: inounl 
them m water, and note under a low power — 

1. The flattened disk-like form of the gemma, with two later tl 
indentations, and a scar at the base where it was attached to the 
thallus w’hirh produced it. 

2. The ordinary chlorophyll-parenchyma of which it is mamh 
composed. 

3. Superficial hyaline cells, from wdiich the rhizoids are suli- 
sequently derived. 

4. The single cells containing oil-bodies. 

It may further be obscived that the gemma is in its pciiphcial 
part only one layer of cells m thickness, while the cential pait 
IS a solid mass also that the structuic is alike on both sides of 
the gemma, i.r. that it does not as yet show any trace of a 
dorsivcntral character. 

VI. Cut transverse sections of a thallus so as to pass through 
the middle of one of the cups: mount in very weak glycerine, 
or in water, and examine under a low power note— 

1. The two lips of the cup, which appear as outgrowths from 
th% upper surface of the thallus, and show more or less clearly 
the same structure, especially in the lower pait. 

2. The numerous g^emmee, m various stages of development, 
which arc attached to the base of the cup by unicellular stalks. 

Removing some gemmm from the cups, germinate them on 
clean moist sand under a bell-glass at a medium temperature, 
and exposed to moderate light : on examining them after five or 
six days, they will be seen to be elongated transversely to then 
original axis of growth, the base of each of the lateral indenta- 
tions serving as an organic apex : from the lower surface root- 
hairs have been formed, by simple outgrowth of single cells.- 
After growth has been continued for a longer time the diflferen 
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iialion of tissues ch.iracteiistic of the matuie lhallus, with 
“stomata” and aii-ca\itics, becomes apparent on tlic upper 
surface, the thallus tluis assuming a doisncntial chaiacter, 


The Male Buinch {Anlheridiophore) 

\’1I Cut transect sc sections of the stalk of the male branch 
mount in 'Iffycerinc, and obsci\c the almost circular outline of 
the sect on, with two deep involutions, containing rhi/oids, en 
one side of it this side coiiesponds to the lower surface of 
tlic thallus, from which the m.dc branch is an upward turned 
continuation. 

\’1 1 1 Cut median \ ei lical sections through the terminal disk • 
mount m weak glycenne, and c\,iminc first under a low powci 
obseiw e— 

1. The general outline of the section, with Us flat upper 
surface. 

2. The amphigaatrla and rhizoids attached to the lower 
surface. 

3. The cavities in the tissue, of two sorts, both opening by 
naiiow' mouths on the upper surface — 

a. Air-cavities cssenti.dly similar to those of the \egeta- 
tne thallus. 

b Flask-shaped cavities, each containing one antheridium, 

w’hich occupies the whole of the ca\ity each of these 
also opens by a narrow' channel on the upper suitace 
of the disk 

Look fora single ripe antheridium which has been cut through 
longitudinally • having found one, examine it in detail under a 
high pow’cr, and obscive — 

r. The short stalk b} which it is attached to the base of the 
cavity. 

2. The wall of the antheridium, consisting of a single layer 
of thin-w'alled cells it is in close opposition to the inner surface 
of the cavity. 

3. The spermatocytes, of cubical form, and small si7e, which 
together constitute a dense central mass. 
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The Female Bnvich {Arehrgoniophore) 

IX Cut transverse sections of the stalk of the female bianch 
mount m glycerine, and note an outline similar to that in the 
male, with two involutions on one side conespondmg to the 
under surface of the thallus . the other (upper) side shows the 
chambered structure present m the vegetative thalluS, of which 
it IS, again, a specialized branch. 

X. Remove the stai -shaped head of a female branch whi:h 
has attained a considerable length, and evimine first the upper 
surface : wath the naked eye or with a lens note the rounded 
arms, usually nine in number, and the diamond-shaped areas, 
each having a single central stoma 

Turn the head ujisidc down, and observe on its low’cr 
surface - 

I. The central attachment or stalk. 

2 The radiating arms, usually nine in number, which radiate 
from a central disc 

3, The curtam-like pairs of fl ips, which alternate m position 
with the arms the archetronia arc enveloped by these flaps ; 
and if the branch be an old one— 

4 The nearly spherical sporo^onia may be obsericd pro- 
truding from them if these be fully ripe, they may have buist, 
in which case a yellow flocculent mass may be seen protruding 
froil|,them, consisting of the spores and elaters. 

XL Select a female branch w'hich has not yet grown more 
than a quarter of an inch in height, — cut rather thick trans- 
verse sections {i.e. in a horizontal plane) through the head 
of It, mount m glycerine, and examine under a low power ; 
observe — 

1. The central stalk cut through transversely, and presenting 
characters similar to those above described. 

2. The arms, usually nine in number, radiating from the 
central disc. 

3. The numerous archevonla, each of which presents a 
circular outline from this point of view : they are disposed in 
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groups alternating in position with the arms, each group being 
surrounded l^y the flaps. 

Under a high power the following points may be ascer- 
tained — 

(1. '1 hat the most matuie aicliegonia aie those neaiest the 
penphery, while those of each group are successuely younger 
the ncarei they arc to the central stalk. 

b. 'J'hat each mature archegonium as seen m section consists 
of a wall, orte layei of cells in thickness, which surrounds and 
incloses a laige, naked, nucleated ovum. 

XII. Cut lertical sections through a female branch of like 
age to the abo\ c . treat as before, and observe in median 
sections— 

1. The stalk, on which is borne— 

2. The terminal stellate head. 

3. 'I'lie archegonia, wliuh arc flask-shaped bodies suspended 
in an in\ cited position note in a mature archegonium— 

a. The long neck, consisting of many tiers of cells, which 

together foim a single-layered cylinder sui rounding 
the channel of the neck, which befoie opening contains 
a senes of canal cells. When mature the neck will be 
seen to be open at its apex, and the canal cells will be 
no longer Msiblc. 

b. The moic chstended lower \cntial part of the auhe- 

gonuim, also surrounded by a single-layeied wall, and 
attached by a short massne stalk to the, receptacle. 

€. Pay special attention to the contents of the ventral jKir- 
tion : in the mature archegonium the cavity will be 
seen to be occupied by a single primordial cell— the 
ovum— to which access is gained from without through 
the channel of the neck: above it a smaller cell may 
be seen before fertilization ■ this is the ventral canal 
cell. 

XIII. Keep some specimens of Marchaniia^ having matin c 
male receptacles, protected for some days from access of vv atei 
from above : then place a drop of water on the upper surface 
pf a receptacle, and after a-shork.time transfer it to a glass 
slide, and examine under a high power ; there will then be seen 
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numerous motile 8pennat020id8 of elongated, slightly curved 
form, and they arc kept in acti\e motion by two cilia attached 
to the antenor end. In order to make them clearly visible they 
should be killed, and stained by adding ,i small quantity of 
iodine solution, or of osmic acid. 

XI\’' Add a drop of water containing living spcrmato/.ouls to 
a fresh prepaiation of a female leceptacle containing matin e 
archcgonia : note the directive influence of the archcgonia m 
atti acting the spcrmat0i!0ids to the neck, nhich they enter, and 
<ire lost to sight in the mucilage which fills it. 


MARCH \NriA.~SPOROrHVTK 

XV, Cut median longitudinal sections of a female receptacle 
bearing almost mature sporogonia • mount as before, and note 
under a low power that the parts of the icceptacle remain as 
before but observe especially — 

1. The perieynium, a loose sac-hke coat, which arises fiom 
the receptacle after fertilization, and cn\ clops the archegonuim 
during its further growth. 

2. The wall of the archegonium, now consisting of two l.iycis 
of cells, and still bearing at its apex the neck, which shows 
signs of withering. 

3. The 8porogonium, an almost spherical body inclosed by 
the enlarged venter of the archegonium,— the calyptra : the 
following parts of it are to be recognized • — 

a. The massive conical foot or aeta at the end remote 

from the neck, i.c. directed towards the base of the 
archegonium. 

b. The wall of the remaining portion of the sporogonium 

(capauie), consisting of a single layer of cells. 

c. The hemispherical aporoerenic maaa, with no central 

columella : in it may be recognized (i.) the elatera, 
long spindle-shaped cells, arranged in a fan-like 
manner as seen in section ; and (ii.) the aporea. 

Mount a small portion of the yellow flocculent mass which ■ 
escapes on the ruptpre of a mature sporogonium, and breathe 
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yently on it, observing it the while under a low power . note 
the hygroscopic movements of the spirally thickened elaters, 
and the consequent sepaiation and scattering of the spores 


As Marchaniia is a highly-specialized type of Lucrwort, it is 
des'rable to stud) also some foim in which the vegetative struc- 
ture is simplcK PcUia cpiphylla may be taken, a plant which 
la \ery common on wet banks, and by streams, 

Having noted the flattened form of the pellucid green thallus, 
and Us duholomous branching, cut longitudinal sections of it 
if the material be fiesh, mount m water ; if hardened in alcohol, 
mount in glycerine, and obseivc the almost uniform structuie 
of the tissues the chloiophyll is chiefly located at the upper 
suiface . the lowest lacer of cells is colouicd blown, and gives 
use to numerous unicellular ihizoids • but there are no amphi- 
gaslria. 

Note especially that the internal cells have their otherwise 
thin walls stiengthencd by vertically running, brown bars: 
where cut through, these are seen to be the lesult of an equal 
thickening of the walls on both sides. 

Cut also transv ersc sections, and compare them these demon- 
strate that the thallus, which is massive m the middle, thins out 
at the margins to a single laverof cells, that the thickening 
bars form networks in vertical planes and only occasionally 
extend in a longitudinal direction. 'I'lius the stiucture is much 
simpler than that o{ Manhantta^ and both in external form and 
m internal structure there is a general lesemblance to a Fern 
prothallus. 

In Pellm the antheridia arc not borne on special branches, 
as in Marchaniia^ but aie se.ited directly on the upper surface 
of the thallus. The antheridia are mature in late spring, or 
early summer, and will be found in various stages of develop- 
ment in mate«'ial taken in the early part of the year. They 
may be seen vv ith the naked eye, tis small dots. 

Cut median longitudinal sections of a thallus of Pcllia bear- 
ing antheridia: mount as before^, and observ'e the antheridia 
seated singly in flask-shaped depressions of the upper surface, 
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and roofed over by a circular flap, but lea\ ing a small pore at 
the centre. As in Marchantia, the anthendium consists of a 
single layei of cells forming the wall, \\hich surrounds a mass 
of spermatocytes within, and it is attached by a short basal 
stalk. 

The arcbeponia are found in pocket-like cavities at the ends 
of the female branches : they are arched m by a membranous 
flap — the Involucre : a number of them may be found m each 
pocket. Their structuie and development is similar to that in 
Marchantia. 

Bporogronia suitable for in\estigation may be found in plants 
collected during the winter. Cut median longitudinal sections 
of the thallus, so as to traverse a sporogomum. In such 
sections obsene-- 

I. An outer protective flap on either side this is the 
involucre. Within this are the nioic or less complete remains of 
the calyptra, which is chiefly developed from the wall of the 
archegonium. 

2 The aporogionium, consisting of— 

(X The aeta, with its enlarged triangular foot, by which the 
sporogomum is inserted on the tissue of the thallus . the upper 
part is cylindrical, and undergoes great elongation at maturity 

b. The head or capaule, w'hich consists of a wall of several 
layers. 1 his surrounds a spherical mass of spores and elaters. 
The latter resemble those in Manhantia The spoies do not 
remain as simple cells, but divide repeatedly before they arc 
shed. 

In spring, when the spores are mature, the seta elongates 
rapidly, so that the sporogonial head bursts through the 
calyptra, and is raised a couple of inches or so above the 
surface of the thallus before the spores are shed. The 
dehiscence is by slits, separating the wall of the capsule into 
four valves. 
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POLYSIPHONIA FASTIGIATA, GreP. 

I This seaweed is found on all our coasts, giowing in dense 
reddfth-brown tufts, nhich are lived firmlj on to the lhallus of 
Ascophyllum [Ozotliallui) nodosum^ Le Jobs. It grows to a 
length of about two inches, and the thin cylindrical thallus is 
fiecjuently branched in an apparently dichotomous manner on 
some of the plants taken in autumn, roundish bodies are borne 
laterally (cystocarps) ; on others, irregular yellow ish tassels at 
the ends of the branches— these are the antheridia, and they 
are best seen on specimens taken m eaily summer ; on others 
again, dark iriegularly disposed swellings may be recognized m 
the substance of the thallus — these are the organs of \egetatne 
reproduction (tetraapores). 

II 'riie material to be used for microscopic investigation 
should be either quite fresh, and be kept and mounted in salt 
WMter, or better m weak glycerine ; or it should be preserved m 
alcohol. 

From material thus treated, select a thallib which does not 
apparently bear any of the reproductive oigans above mentioned : 
mount a piece of it, including the tips of some of the branches, 
in 50 per cent, glycerine and water, and observe under a low 
power— 

I The cylindrical form of the thallus, and the slight inequahty 
of the apparently dichotomous blanching. 
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2. The general structure of the mature parts of the thallus, 
consisting of— 

a. A series of large central cells, with dark icddish-brown 
contents : these are surrounded by— 

b. A single layer of pericentral or cortical cells, \\hich are 
arranged with considerable icgularity in rings, each ring 
corresponding to, and surrounding, one of the cential cells : the 
whole thallus is thus built up of successue tiers of cells. 

3 Observe also the apices of the blanches, which taper off 
to fine points, each terminating in a single dome-shaped apical 
cell. 

Select a good specimen of an apex, aad examine it in detail 
under a high power observe— 

I. The conical ending of the branch, covered by a thick 
mucilaginous wall, which extends backwaids ()\cr the more 
mature parts, and is covered externally by a definite and 
continuous cuticle. 

II. d’he single dome-shaped apical cell, with highly icfractive 
piotoplasmic contents, and more or less obvious nucleus. 

III. The successive segments which have been cut off fiom 
its base by parallel tiansverse walls. 

IV. The subdivision of the segments by longitudinal walls, so 
that each segment ultimately forms one of those tiers of cells of 
which the whole thallus is built iij) 

InTnatuie parts of the thallus, as also neai the young apex, 
note carefully undei a high power the fine protoplasmic strands 
w^hich extend through the swollen cell-wall, connecting the pioto- 
plasmic body of the vaiious cells of the thallus one with another 
for further study of these recourse must be had to sections of 
the thallus. 

III. Embed, and cut transverse sections of the thallus of 
Polysiphofiid, selecting such a part of it as is not too old, i.e. 
about half-way between the apex and the base : mount in 
glycerine and examine under a high power . it may then be ‘seen 
in, those sections which pass through the middle of one of the 
tiers of cells above noted that — 

1. The section is circular, since the thallus is cylindrical. 

2. That it is limited externally by a clearly marked cuticle, 
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and it will be remembered that as Ascophyllujn, on which 
It grows, IS found about half-tide mark, the plant is exposed to 
the air for se\eral hours in each tide. 

3. I'he senes of pericentral cells, of variable number. 

4. The single large central cell. 

5. Note especially the protoplasmic strands, which run fiom 
the central cell to the seveial pericentral cells, traversing the 
cell- wall. 

IV. Cut transverse sections of the frond of Ascophyllum^ so 
as to pass through the insertion of one of the tufts of Poly- 
uphofiia • mount as befoie, and observe undei a low powci that 
elongated, thick-walled cells, produced from the base of the 
Polysip/tonia jilant, penetrate deeply into the thallus of the host, 
and thus obtain a firm hold upon it, while their own strongly 
thickened wails will explain further the sticngth of attach- 
ment. 

V. Having distinguished with a lens, or under a low power^ 
a specimen bearing tetraspores, mount a jiortion of it as before 
directed (taking care that young branches as well as matuic ones 
arc represented), and examine under a medium or high power 
Note — 

1. I'hat the regularity \)f the tissues of the thallus is dis- 
turbed at certain jroiiits by dark spheiu'al bodies, which he 
embedded in the tissue below the peiiccntral cells : these aic the 

tetraeporea. 

2. That they dccicasc in size as the apex of the branchlet is 
appioached 

3 That they have no clearly definite arrangement. 

4. That each undergoes a dn ision into four, hence the teim 
“tetraspore.” 

5. That they escape by rupture of the layer of pericentral 
cells : note in older parts the vacant ca\ itics whence tetraspores 
have escaped. 

6. That the mature tetraspores arc naked, spherical, and 
motionless protoplasmic bodies. 

VI. Mount as before a small piece of a male plant taken in 
April, and observe under a mediuiU'.power— - 

I. The normal structure of the main thallus. 

Q 
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2 . The club-shaped antherldlal branches, often associated 
together in groups : each consists of— 

a. A unicellular pedicel, by which it is attached to the 

thallus. 

b. A central linear series of cells, which is almost entirely 

hidden by — 

c. Numerous, closely aggregated, and small antherldlal cells. 

Mount specimens of antheridial branches from fresh living 

material in sea- water, and having found an antheridial branch 
exactly at the period of maturity, observe the partial disor- 
ganization of the walls of the antheridial cells, and consequent 
liberation of their protoplasmic contents, without subdivision, as 
round non-motile spermatia. 

VI I. Having recognized a female plant by observations w ith a 
lens on specimens taken in late summeror autumn, mount a portion 
of it in glycerine, and, examining it under a low power, observe— 

1. The normal structure of the thallus, which bears — 

2 . Cystocarpa of ovate form • these consist of closely aggre- 
gated, small-celled tissue : they occupy the same position as the 
lateral branches in a vegetative thallus, 

3. Compare numerous specimens, and note cystocarps 111 
various stages of development: in those which are matuie the 
carpospores may be seen through the w'all of the cystocarp. 

VIII. Embed mature cystocarps of P. fasfi^^iata in paraffin, 
and cut from them median longitudinal sections : mount in 
glycerine, and observe — 

1. The short thick stalk of the cystocarp 

2. Its wall, consisting of small, closely aggiegated cells, and 
with an opening or ostlole at the apex. 

3. The central cavity, surrounded by the wall, and filled moic 
or less completely, according to age, with elongated, club-shaped 
cells, having dark protoplasm, and swollen walls ; these are the 
carpospores. 

The artificial germination of the spores is a matter of difficulty, 
but a rough idea of the germination of the spores of red sea- 
weeds may be gained by observing the numerous young plants, 
of various genera and species, which are to be found attached 
to the outer surface of almost any one of the larger seaweeds. 



PH^^OPHYCE^ 

FUCUS SEREATUS, L (Wrack) 

OBSERVATIONS WITH THE NAKED EYE 

I. Of the various species of Fiicus which are to be found on 
our shores, the best adapted for laboiatoiy work is Fuius 
scrraius . it is to be found near or below niid-tide le\'cl, and 
may be distinguished from other species by its dark olne 
(,oloui, the flattened form and serrate margin of the branches of 
the thallus, the absence of swollen “bladdcis,” and the piesence 
of numerous dot-like conceptaclcs, ciowded together on the 
ends of branches which show no special swelling. 

HaMng rccogni/ed the species by these chaiactcrs, cvamine 
a well-developed plant with the naked eye, and note the 
following parts of the thallus — 

I. The flattened disk, of irregular outline, by means of which 
the plant is firmly attached to the substiatum. 

• 2. The stalk, which in old plants is of compicssed cylindiical 

form, but in young plants it may be clearly seen that it is 
originally a broad flattened expansion, with a more or less 
thickened midrib : a comparison of plants of successive ages 
will demonstrate that the compressed cylindrical stalk results 
from the thickening of the midiib, and decay of the lateral 
wings. 

3. If this stalk be traced upw'ards, it will be seen to branch 
repeatedly, while on following the branches out they gradually 
/issume the flattened foim with sarnte margin, thus confiiming 
the conclusions which may be drawn from a comparison of 

g 2 
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younger plants, that the whole thallus when young was of a 
flattened form. 

The following obseivations arc also to be made : — 

A. Examine the apices of young, acti\cly-g rowing branches 
those branches which bear conceptacles must be careful!} 
avoided, as they do not show such characteristic appearances 
the extreme apex is emarginate, or depressed, the base of the 
depression being somewhat flattened, and marked by a slight 
groove running in the plane of the thallus. 

B. Compare a number of apices • in some only a singh' 
emargination will be seen, in others two, similar to one anothci, 
each haling the grooie at the base, while othcis, again, will 
show' an intermediate aopcaiancc. fiom this it may be con- 
cluded that the single apical point diiides into two of equal 
strength, each of whnh may dexelop into a bianch of tlu' 
thallus similar to the oiiginal. thus the branchintc is a 
dichotomy. 

C. On comparison of a number of branches it may be seen 
that the development of the two branches of a dichotomy is noi 
ecjual, one being usually stionger than the other this leach 
to a sympodial development of the dichotomous branch 
system. 

I) Observe the less regular oiithne of the ends of thosi 
branches which bear conceptacles; note with a lens the rouivl 
orifice or ostiole in the centre of each conceptaclc When 
mature, two kinds of conceptacle may be lecogni/ed in tlm 
species they are borne on chffeient jilants the) aic — 

a. Female conceptacles, the contents of which aie of a dail' 
olive-green • these contain the oogronia. 

b, Male conceptacles, with yellow or orange contents • these 
contain the antheridia. 

E. If those flattened parts of the thallus be examined whn h 
do not bear sexual conceptacles, there will be found, scatteii d 
here and there, organs of somewhat similar structure, whu I' 
contain only barren hairs, and they may be termed sterile oi 
neutral conceptacles. 
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MICROSCOPIC EXAM IN A 77 ON 

II, As It IS almost impossible to make satisf.ictory piepara- 
tions of the tissues of Euci/s from fresh material, it will be 
found a j^reat advantage to fix and harden them the material 
IS to be fixed by treatment with .1 solution of picru acid m sea- 
water, and .ifter w.ishmg, to remove excess of picric acid, it is 
hardened in successive stiengths of alcohol An alternatue 
method, which gives good results, is to trcMt the specimens first 
with 1 pei cent, chromic acid, wash with walei, and haitlen in 
successive strengths of alcohol 

Kiom material thus piepaied select a young flattened blanch 
of the thallus in which the midiib is but slightly maikecl cut 
tiansvcrse sections fiom it, mount in puie glycerine, and 
observe under a low power— 

I. The elongated elliptical outline of the section, 

2 The more or less enlarged niidiib. 

3 The grouping of the tissues exposed , recognize 
especially— 

a. A compact marginal band of tissue of a yellow ish-bi own 
colour, the cortical band : this graduates off into— 

A 'I’he less c onijiac t central mass of the medulla, consisting 
of a web of inteil.icmg filaments. 

Put on a high power, and examine the tissues m detail 
Starting from the periphery, observe that the coitical band (d) 
consists of— 

1. A superficial or limiting: layer of cells, regulaily arranged, 
and elongated radially : the cells are not of uniform depth, and 
examination will show that they divide by peiichnal, as well as 
by anticlinal walls ; in fact, they constitute an active, continu- 
ously meristematic layer, and accordingly the term “epidermis ” 
cannot be applied to it in the strict sense. With the e.xception 
of the outer w'all, w'hich is thick and cuticularized, the walls of 
these cells are thin, and the protoplasm plentiful, with a 
nucleus. 

2. Immediately below the limitiftg layer, and separated from 
it by an irregular line, is a parenchymatous tissue, consisting of 
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cells which appear nearly square in the transverse section . 
each cell has plentiful protoplasm, a nucleus, and several chloro- 
phyll corpuscles • the walls arc more or less thickened, swollen, 
and stratified . here and there are to be seen pits closed by a 
thin, highly-refractive pit-membrane. These two tissues, ( i ) and 
(2), together constitute the cortical band (ti) above recognized 
under a low power. 

{/>) The abo\e tissue graduates ofif without definite limit into 
the medulla, of which the chief characteristic is the circulat 
outline of Its cells, and the evcessne bulk of the swollen cell- 
walls . here and theie filaments will be found running in the 
plane of section. If sections be stained with Schulze’s solution 
the firmer cell-wall stains pale blue, but the sw'ollen matrix does 
not stain 

Occasionally a section may be found which has passed 
through one or more of the stciile or neutral conccptacles. If 
the conceptacle was young, it would be found to be a still closed 
cavity of considerable size, filled with mucilage, and with hairs, 
w'hich originate from single cells of the tissue lining the caMty 
in sections of older parts the ostiolc would be found widely 
open, and the hairs much longei. 

III. Cut Icmgitudinal sections of a young part of a thallus 
(z c. close to the apex of a branch), mount in pure glyceime, and 
examine under a high power : recognize, as in the transverse 
sections-— 

a. The cortical band, consisting of— 

1. The limiting layer, which presents similar characters to 
those seen in transverse sections. 

2. The inner parenchyma: note that the cells of the innei 
part of this tissue are arranged in longitudinal rows, having 
relatively thick, occasionally pitted, lateral walls, and thin trans- 
verse septa : this tissue merges gradually into— 

d. The medulla, which consists of longitudinal rows of celN 
constituting filaments resembling the hyphne of Fungi, with 
numerous thin transverse septa, to which the protoplasmic con- 
tents closely adhere. 

IV. In order to study the process of thickening of the midrib;' 
cut transverse sections successively of older (i.e. lower) parts of 
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the stalk : treat as before, and compare them. It will then be 
recognized that, as the thallus grows older, the cells of the 
limiting layer cease to divide by periclinal, and later also by 
anticlinal walls ; it becomes a quiescent tissue, and is ulti- 
mately thrown off ; the inner cortical tissue, howev er, remains 
active, the cells mcrecfee incize, dividing periclinally, and form 
a massive band, easily recognized by the naked eye. The 
medulla also increases greatly in bulk, many new hyphal fila- 
ments being formed, while they differentiate into two senes (1) 
smaller ones, with sparing protoplasm ; (u) others of larger size, 
with a granulai protoplasmic lining. 

V. Sections should be cut through the organ of attachment. 
Take plants giovvn on wooden |)iles, or on limestone rock . in the 
latter case the lime may be dissolved by dilute hydrochloric acid, 
and the tissue then hardened in alcohol. Cut vertical sections, 
and mount as before . note under a low power the irregularity 
of the surface of attachment, which closely follows that of the 
substratum, hence the firmness of its hold. Foreign bodies may 
often be seen embedded in this part of the thallus, and this finds 
Us explanation in the fact that the tissue here consists of hyphas 
similar to those of the medulla, and each appears to grow in an 
independent manner. Examine the section under a high power, 
and It will be seen that the mass of tissue resolves itself at the 
surface of attachment into a number of separate filaments, each 
of which applies itself separately to the surface of the substratum. 

VI. Cut thin longitudinal sections through the apex in a 
plane perpendicular to that of the flattened thallus . treat those 
sections which are median with glacial acetic acid, and mount 
in a mixture m equal parts of pure glycerine and glacial acetic 
acid . examine under a medium power, and observe-- 

1. The outline of the section, showing a depression of the 
apex corresponding to the groove already recognized with the 
naked eye. 

2. That from their arrangement it may be concluded that the 
various tissues of the thallus are derived from an initial point 
at the base of the depression. 

3. Examining the tissue at the base of the depression, if the 
section be median^ a single large cell having the form of a 
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truncated pyramid may be recognized m a central position . 
this is one of the initial cells. 

VII. Cut successive transverse sections of the apex, so as to 
pass immediately below the base of the depression : one of 
these sections will indiide the initial eronp, nhich will then 
appear to be composed of some fuui or five cells, of oblonj; 
form, placed in a row, side by side. 

VIII. Cut transverse sections thioii^h the fcitile branches of 
the thallus, so as to traverse the mature conceptacles • mount 
in f,dyccrine, and examine under a low power First take, 
sections of the male thallus, and having found a point where a 
male conceptacle has been cut in median section {i c. so as to 
traverse the ostiole) note - 

1. The spherical or flask shaped cavity. 

2. The OBtiole, by which the cavity communicates with the 
exterior. 

3. The hairs, which almost fill the cavity, and may even 
protrude through the ostiole 

4. The antheridia, whu h arc sinj;lc oval cells, borne often in 
large numbers on these hairs 

Itmayfuither be noted that the cavity is lined by a small- 
celled tissue, from which these hairs arise, and that thi-. 
graduates imperceptibly into the other tissues of the thallus, 
which are similar to those of the vegetative parts 

IX. Tease out with needles the contents of a male con- 
ceptaclc in glycerine, mount, and observe under high powei 
note— ■ 

1. The thin, colourless, branched hairs, which bear the oval 
cells (antheridia) with their yellowish granular contents. 

2. The mode of branching of the bans which bear the 
anthcridia. 

3. Long hairs, branching less frequently, or not at all : these 
do not bear antheridia. 

X. With the above compare sections cut through female 
conceptacles, mounting as before : in its form, and also in it'’ 
relation to the tissues surrounding it, the female conceptacle i'’ 
similar to the male ; the difference is in the contents, which' 
may be seen to consist of— 
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1. Barren hairs, which are usually unbranched. 

2. Oogonia, bodies of relatively large size, and oval form, with 
a thick transparent wall, and daik granular piotoplasm each 
of these is seated on a unicellular pedicel. 

Observe in the largest of the oogonia that the piotoplasmic 
body may be seen to ha\c underj^one duision into eight parts 
(ova), the surfaces of separation being Msible as transparent 
lines. 

XI. Observations on the evtrusion of the s[)cimalozoids and 
ova, and on the process of fertih/alion in must be made 

with fresh mateiial, and will be most successfully earned out on 
the coast, the best season foi it being winter 01 spring Those 
who have not oppoitunity foi this may succeed in making the 
observations on fresh mateiial sent fiom the coast, using a 
solution of Tidman’s sea-salt, 5 ounces to the gallon, m place of 
fresh sea-water. 

If specimens of Fucus scrratiis be kept exposed to the air 
for some hours (the peiiod of one tide will suffice), an exudation 
may be observed from the osiioles of some of the conccjitacles 
on male plants it will be of an orange coloui, on female plants 
of a dark ohve-giccn. 

T.iking first the male, mount .a small c[uant!ty of the orange 
exudation in a drop of fresh sca-watci , and e.xamme it under a high 
power It will be found to consist of numerous antheridial cells, 
separated from the hairs which bore them they w ill be seen to 
be bursting, and setting fiec their contents, and the following 
stages of the process are to be noted— 

1. The anthendiLim is completely closed, the contents are 
already divided into numerous elongated bodies (said to be sixty- 
four in number), each having one or sometimes two biightly 
orange-coloured globules (chromatophores) : these are the 
•permatosoids, and they may be seen to be in motion befoie 
the antheridium bursts. 

2. The wall of the antheridium consists of two layers, the outer 
more firm layer (extlne) and the inner mucilaginous layer 
(intlne) i observe the extine to burst at one end, usually at the 
apex, and the contents inclosetfin the intine escape from it. 

3. The intine gradually swells, loses its contour, and the 
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sjj^rmatozoids separate, as actively motile bodies of elongated 
pear-like form. Observe their movements. 

To a drop of water containing motile spermatozoids add a 
'little iodine solution, put on a cover-slip, and examine under a 
high power the two cilia isfjgiy be observed on each spermato- 
zoid attached laterally. 

Mount in a drop of fresh sea-water some of the darker- 
coloured exudation from the female conceptacles, and examine 
under a high power observe the numerous oogonia, with the 
pedicel often attached note the thick limiting wall, consisting 
obviously of two layeis, an outer (extine) more highly refrac- 
tive, the inner (intine) having the characteristic optical appeal - 
anpe of a mucilaginous wall a shallow pit is to be seen on the 
wall adjoining the pedicel. 'Fhc contents will be seen in most 
cases or in all, to be divided, as above described, into eight 
cells— the ova. Some of the oogonia will be seen to burst on 
exposure to the water . watch the process, and note the follow mg 
stages— 

1. A slight convexity appears usually ne.ir the apex, the 
extine having thcie ruptured, and the intine beginning to 
protrude. 

2. The rupture extends, and the extine gradually shrivels back 
so as to leave the intine fully exposed, though it usually remains 
still attached to the extine at the base. 

3 The intine swells, and ultimately loses its contour at the 
apex, and the oospheies, which had meanwhile separated and 
lounded off, escape into the water as eight naked, non-motile 
spheres of dark granular protoplasm : in each maybe recognized 
a central clearer area— the nucleas. 

Into a drop of sea- water in which are free and mature ova, 
introduce a small number of mature spermatozoids, and watch 
their movements : they may bes een to approach the ova, to 
apply themselves closely to their surface, along which they 
creep : if present in considerable numbers, they give to the ova 
an irregular rotating movement. 

XII. On stones, in districts where Fucus abounds, there may 
be found early in summer olive-brown velvety patches : on ex- 
amining these with a lens, small club-shaped bodies may be 
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distinguished, attached by their narrower end to the substi Atun%. 
and with their broader, free end crowned by a tuft of hairs : 
these are young plants of Fmus^ or of one of the allied 
genera. 

Having collected such material, ttilse it out with needles, in 
glycerine, and examine the plants thus separated under a low 
powei the following points are the most w orthy of note — 

1. The nearly spherical form of the \cry young plants, which 
consist of but one, or of relatuely few cells, and arc limited 
externally by a definite cell-wall, the formation of this wall is the 
fiist obvious change after fertilization 

2. The elongated club-shape of the oldci jilants. 

3 Their terminal depression, from which hairs piotrude, 

4 The mode of attachment by means of hypha-likc threads 
of independent growth, similar to those seen in tjjfe older plants : 
some of these threads may l)e seen t[uite young, and not yet 
attached to the substratum. 

From such plants as a starting-point, intermediate forms will 
lead on to the inatuie Fucus plant. 



CHARACE/K 

V^inous membeis of this f.imily are found growing in stagnant* 
or slowly flowing fresh water, they are green, but owing to 
superficial lime incrustations, they may appear w lute and chalky, 
esipccially when dry they are buttle in texture, and .ire 
commonly called Stone-Woits. They grow rooted in mud, and 
put up into theater a branched shoot, which may be a foot or 
more in length: this bears at intervals whoils of l.itcial 
appendages— the “le.ives” In summer and autumn these 
bear the sexual organs in large numbers, the antheridia being 
specially prominent owing to their bright red colour. The 
odour of these plants is characteristic, being like that of 
onions. 

There are tw-o chief genera of the family, \u. C/iara and 
Nitclld (besides other subgeneia) • the most obvious differeiKe 
between these is th.it Cham is moie robust, the stem and leaves 
having a peripheral cortex, while Nitclla has none. A large 
number of species are distinguished, and as it might be cliflicult 
for beginners to recognize any one definite species with certainty 
from others, the description given below will be confined to the 
more essential characters of the genus Chara^ while NilcUa 
will be dealt ■with only incidentally, h'resh rn.atcnal should be 
used if possible ; most of the structural points can, however, 
be successfully observed on materiaf preserved in alcohql. 

I. Examine a mature specimen of Chara with the naked eye, 
or with a pocket lens, and note— 

I. The ■tern, which is as thick as coarse packthread, and is 
marked off into internodes of length varying from i to 3 or 4 
inches : this axis is of unlimited growth, and is terminated by 
an apical bud. 
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2. The leave*" or brandies of limited growth, which are 
arranged in whorls, the point of insertion of each whorl being 
recognized as a node: the numlier in each whorl may vary. 
Examine the leaves with a lens, and observe that they also 
show a distinction of nodes and iflcrnodes ; in some species 
whorls of small unicellular outgrowths (leaflets) may be seen at 
the nodes: thus the leaves repeat the characters of the axis 
on a smaller scale. 

3. In the axil of one IcaTin each whorl is usually found a 
branch of unlimited growth, which repeats all the characters 
of the mam axis. 

4. Examine the base of the plant where it is fixed in the 
mud: very long tiansparcnt ihizoids may be seen to be 
inserted at the nodes. 

5. On the inner side of the leaves of plants ta||en in summei 
or autumn the sexual organs will be found, viz., the antheridia, 
which are globular and of a red colour, and the oogonia, which 
aie of a daik olive colour or brown these sexual organs are 
sealed, in the monoecious species, in pairs, at the nodes of the 
le.ives, and on the inner, adaxial, side of them. 

II. Mount a young part of a plant, mcludirtg at least one 
whole internode and two node.s, in water examine under a low 
pow er, and obsci ve — 

1. The cylindrical stem; the internode is cov'cred externally 
by a small-celled cortex, which suiiounds one very large 
intemodal cell. Note that the cortex is composed of (n) 
elongated cells, and {fi) short cells which pn ject as hcmisiihcrical 
bosses, the w'hole being disposed in spirally curved rows. 

2. I'he leaves, which are also covered in their basal part 
with cortex, but the cells are straight or only slightly curved 
Note that the nodes of the leaves maybe seen to be maiked 
by c^lls which project as round bosses (leaflet*), or in some 
species they are elongated. The cortex stops” short below the 
apex of the leaf, which is accordingly terminated by a series ot 
naked cells. 

3. Follow the leaves down to their base of insertion at the 
node, and observe a series Of short cells which project more 
or less below the point of insertion : these are the so-called 
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“ stipules.” The axillary bud will also be seen inserted in the 
axil of the oldest leaf of the whoil. 

III. Remove and examine a whole bud under a low power : 
either an apical or an axillary bud will do. It may be necessary 
to treat with .acetic acid to remove the lime, which is often 
present in considerable quantity : the bud may be subsequently 
cleaied with pot.ash, and mounted in glycerine. The outer and 
older leaves will show the characters above noted, but more 
cleaily, since they .are younger, and their internodes shorter : 
the structure of the cortex will thus be better understood in the 
young than in the mature letives. 

Examine also the cortex covering the short, young internodes 
of the stem, .and recognize the regular .arrangement of the cells • 
the cortex of each internode of the stem is composed of two 
series of lobe|||the one ascending fioin the lower node, the othei 
descending from the upper : these .are in contact at the middle 
of the internode, .and elongate with it as it giow'S, undergoing 
a segment.ation which is comparable wath that of the mam axis, 
and It similarly results in alternating nodes and internodes 
Each lobe is thus composed of nodes (3-cellcd), and unicellular 
internodes. Compare this arrangement with that of the matuie 
coitex. 

Having thus examined the bud, remove the outeimost whoils 
of leaves w ith needles : then .add a little potash and covei 
the remaining central part of the bud with a cover-slip ; press 
gently with a needle upon the cover-slip, watching the effect 
under a low power. The outeimost remaining leaves will be 
pressed aside, and the apex of the stem will Ije exposed. 

Observe the terminal dome-shaped, apical cell, from whith 
segments are cut off by transverse walls. By comparison of the 
terminal series of cells from several .apices it may be concludetl 
that each segment cut off from the apical cell divides again 
transversely into two, of which the lower cell without furthei 
division develops directly into an internode, the upper divides 
to form the numerous cells of the node, from which are derived 
the leaves and the cortex. 

Compare this result with the appearance of the leaves when 
young. 
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Note that each cell of the apical region contains a single 
nucleus. 

IV. The cells of the Characeie are well known as good 
material for showing the movements of protoplasm in the living 
cell : observations of this are to be made on living specimens 
mounted in water. NiicUa may be used, or the naked terminal 
cells of the leaves of Cham Note that the chlorophyll granules, 
which he in the outer band of protoplasm, aie stationary the 
colourless protoplasm below show s how ev er mov cments by w Inch 
the granules and clots are carried along, so that a rotation takes 
place round the laige central vacuole. If the movements be 
sluggish, they may be accelerated by gently warming the slide. 
Note especially the movements m opposite diicctions on either 
side of the neutral line, also the lelative movements of the 
contents of adjoining ( ells 

V. In order to sec the ihi/oids, which fix theplant at its base, 
remove one of the lowest nodes of an old plant : wash it gently 
from mud, &c , and mount in water numerous long, transparent 
thicads will be seen to spimg fiom the node these are the 
rhizoids. Observe their smooth wall, and granular protoplasm 
with central vacuole, and the more or less obv lous nucleus. Here 
and there they branch, the point of branching being marked by 
an oblique, and peculiarly curved cell-wall fiom a swelling 
above the septum the bianch-rhi/oids spring. 

VI. The sexual organs are fiist to be examined m the mature 
state, mount a leaf, bearing the blight scarlet autheridia, m 
water, and examine under a low powei. Nrvte their position at 
the node and below the oogonium . the spherical form, and 
attachment by a very short stalk. Obscive also the surface 
markings, which indicate that the whole sphetical wall is made 
up of eight unicellular shields, of which the four upper are 
tiiangular, but the four lower, adjoining the stalk, are 
four-angled. 

Press gently on the cover-slip : the antheridium will burst, and 
disclose numerous closely packed antheridial filaments j each 
of these is partitioned transversely into numerous disk-shaped 
cells, and contains at maturity. a single spiral spermatoiold : 
the form of the latter can be clearly seen under a high power. 
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and under favourable conditions their escape also as free, 
spirally coiled bodies, with two cilia. 

Attention should be paid to the mode of attachment of the fila- 
ments to the shields : in a mature antheridium nhich has been 
burst by \’cry j,^entle pressure, observe that an elongated cell, the 
manubrium, rises from the centre of the inner surface this is 
terminated by a head-cell, which supports six secondary heads, 
and to each of the latter are attached four of the antheridial 
filaments : their total number is therefore about two hundred. 

VII. Mount in watci a leaf bearing one or more matiiie but 
unfertilized oo^onia, or “nucules” as they arc sometimes called, 
and e.xaminc under a low’ power, Obscr\e their position, 
directly above an antheridium then oval form, and insertion by 
a short pedicel. Each consists of an outer coat, composed of 
five spirally twisted cells, a crown oi apical loscltc of five cells, 
and a large central ovum : at the base of the latter when young, 
or after treatment with potash, a short cell is to be seen. Note 
that a nairow lateral slit may be seen between the cells of the 
crowm at the receptive peiiod, through which the spermatozoids 
may pass to the ovum. Attempts may be made to see the entry 
of the spermatozoids by adding a drop of water containing 
motile sjicimato/.oids to a preparation in water of a mat me 
oogonium, 

\'II1. Examine mature oogonia, and note the dark coloui, 
and the thickened, lignificd wall of the s])iral cells, w'hile the 
oospore Itself is sunouncled by a thick, coloui less w'all. Burst 
one by pressure upon the coxcr slip, and it will be seen that 
the contents consist laigely of starch and oil. 

IX. The results of germination maybe rcacMy observed in 
Cham or NUclla^ if specimens with mature oospores be kept in 
water in a bell-glass thiough the winter, m the spring the 
oogoma which had settled to the bottom may be found in various 
stages of geimination. Some may be seen still closed at the 
apex : m others the spiral cells may have ruptured at the apex 
and two or more transparent filaments project • one of these 
develops more strongly as the proembryo, it divides by trans- 
verse walls, and assumes a green colour : the other remains 
colourless and develops into ihiz^s. In one of the filaments 
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which IS for advanced observe a narrow, disc-shaped cell, tuo 
or three cells short of the apex— this is the stem-node : from it 
a pseudo-whorl of leaves arises, and, as a lateral bud, the new 
Chara plant, which at once shows the characteristic alternation 
of nodes and internodes : observe its position, and successive 
stages of development. 

Lower down is a second node— the root-node, which gives 
rise to rhi^oids ; these may branch and fix the young plant in 
the mud. 



CONFERVOIDE.^: 

(EDOGONIUM 

Various species of plants belonging to this genus are to he 
found glowing in ficsh water • they .ire green, filamentous, un- 
branched Alg.e, and are attached at the base to the cvtcrn.il 
surface of submerged plants, stones, 'I'he apex of the 
filament is in some species extended into a thin, hair-likc 
process there is often consideiable irregularity in the thickness 
of the filament, by which character, as well as by the peciiliai 
transversely striated markings of the cell-walls, these plants 
may be distinguished. 

I, Mount filaments of (Edo^i^onium in fresh water, having 
gently scraped them off from the surface to which they weic 
attached, and examine them under a low jiower observe— 

1. The long unbranched filament, of uneven thickness, termi 
nated at the apex either by a rounded cone, or by an attenuated 
process : note also at the base the irregularly lobed disc of 
attachment. 

2. The septa, dividing the filament into a series of cells, witli 
green-coloured contents. 

3. At the upper ends of many of the cells transverse striae 
are to be seen . these serve as indications of past ccll-divisions 

Examine the filaments under a high power, and pay speci.il 
attention to these stria* and other irregularities of the otherwise 
smooth cell-walls. It will then be seen that the strim arc small, 
sharp-edged, ring-like projections on the outer surface of the 
wall : also that a single corresponding stria is to be found, more 
or less distinctly marked, at the base of each cell. ' 

In some cells an anntaar iacrowth of the cell-wall may be 
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seen immediately below the strue : note its form and conneviun 
with the cell-wall also, when seen in ojitical section, a ccntial, 
dark mark : it is here that the iiny splits, and by slictchmg of 
the ring the well-known jirocess of intercalation of a new zone 
of cell-w'all follows. Examine actively-^^rowmg filaments, and 
try to observe \anous stages of this peculiar process, noting 
also any indications of the cell-di\ ision whuh follows it, the 
new septum being foimed immediately below the thm-wallcd 
intercalated /one. 

Passing to the examination of the cell-c ontents, obscrcci- 

1. The coloui less protoplasm, in whuh aic embedded -- 

2. The chromatophores, winch ajipear as elongated and 
branched rod-hke bodies, moie or less closely and 11 ic'giilarly 
connected together - here and theie will be seen Inghly le- 
fractice pyrenoids attached to the c hiomatophores , these .ire 
clcaily to be distinguislied by their dusky jiuiple staining on 
treatment w'lth iodine solution 

3. A single nucleus, which is however, difficult to lecognize 
in well-nourished cells. 

4. A laigc cential vacuole. 

II. An examination of fiesh filaments may result in the ob- 
ser\ation of the repioductuc oigans, and mimcious s))ec miens 
should be looked o\ei with the object of finding them. Thus 
the reproduction by zoospores may be seen, especi.illy in 
the morning : without the cell hating undcigone any change of 
form the cell-wall ruptures by a tianstcisc sfilit, and the proto- 
plasmic body, having previously conti.ictcd, escapes through 
the slit as a motile pear-shaped /oospore, the anterior end 
of which is sunouncled by a fiinge of cilia. After a motile 
period the zoospores attach themselves by the anterior end to 
some firm body, and, forming a cell-wall, develop into new 
filaments. Note young plants in early stages of germination : 
they may be found in numbers attached to submerged plants 
or stones in waters where GLdogomiim grows. 

III. There is some variety m the details of development of 
the sexual organs in different species of GLdoi^onium: some 
species are monoecious, others dfoecious. 

The ooKOnia, or female organs, are most easily observed, 
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being spherically enlarged cells of the filament, borne singly or 
several together . in such oogonia note — 

I. The rupture of the cell-wall at the period of maturity by a 
transverse slit. 

II. The beak-like canal, which projects in some species from 
the slit. 

III. The hyaline receptive spot. 

IV. In old oogonia the mature oospore, with thick wall, and 
dense contents. 

The antheridla are smaller and shorter cells than those of the 
normal filament, each divides into two cells, the contents of 
which, without fuither division, escape, each being a motile 
yellow spermatosoid similar in form to the /oospore, but 
smaller. Attempts should also be made to observe the germi- 
nation of the oospoie. 



SIPHONED 

VAUCHERIA SESSILIS, Jaur/i. 

I. This Al}>-a is to be found growings as a lax green felt on tho 
surface of moist soil (frequently on the soil in pots in green- 
houses) . It IS of so coarse a texture that the separate filaments 
can readily be recogni/ed with the naked eye, ha\ mg a some- 
what dull-green, glassy appearance. Remo\e a small portion 
of this felt : tease it out as gently as possible in water, and 
examine it undet a low power observe — 

T. The coarse, green, c)hndrical tubes which constitute this 
Alga. 

2 The absence of septa as a rule, though septa may be 
present oc casionally in unhealthy specimens, and are foimed 
in connexion with the reproductive piocesses. 

3 The very irregulai monopodial branching 

4. Some branches may develop as rhUoida, lamifjmg in the 
soil, but these are frequently absent altogetliei. 

5. Theie may be present lateral outgrowths of pecuhai form, 
which are the organs of se.xual reproduction (Kametan^ia), 

Mi . — 

a. Curved cyhndiical bodies, which arc the antheridla. 

Obliquely oval, sessile bodies which are the oogonia. 

In this species the sexual organs are associated together in 
groups of two or three, each being inserted separately upon the 
thallus : a single antheridium is usually associated with one or 
two oogonia. 

II. Put on a high power, an^l examine the structure of the 
thallus in detail. Note— 
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1. The smooth continuous external cell-wall : this may bo 
made more apparent by plasmolyzing some filaments with a 
2 per cent, solution of common salt. 

2. The protoplasmic membrane, \\hich lines the wall, and 
incloses a lar^c central vacuole which runs the whole length 
of the filament : this membrane may also be more leadily 
distinguished in plasmolyzcd specimens. In the membrane 
are embedded — 

3. Numeious o\al, or spindle-shaped chlorophyll corpuscles : 
look for some of these undergoing di\ ision. 

4 Round highly refiactixe oil erlobules, which arc more 01 
less numerous according to the condition of the plant as icgaub 
nutrition 

Embedded in the piotoplasm arc also numerous nuclei ■ but 
these arc small, and only \isible affei caieful staining. 

III. On specimens which have been kept undcT conditions 
favoui able for strong growth, the sexual oigans (grametaneia 
arc usually to be found in gieater or less numbcis. Ha\ in- 
found a specimen with mature sexual organs, examine first the 
autheridium under a high power. 

1. The lower stiaight portion, or pedicel, rises \eilically from 
the m<iin filament. 

2. The cuivcd portion, 01 antheridial cell, diffeis from tlu 
pedicel in the contents being foi the most part colourless it 
sejiaratcd by a scjitum from the pediiel. When mature, tlu 
contained protoplasm forms a laige number of small spermato- 
Kolds, whidi esv'.ipc through an opening at the ajiex. 

Next examine a m.iture oogonium in detail . note its sessih 
position, and the septum which scj)arates it fiom the mam 
filament its oblique form and green-coloured, gianuLir con 
tents : when actually mature an oblujiiely lateral beak is formed, 
the apex of which becomes gelatinous, so that the motile spe 1 
malozoids can gain access to the ovum. 

IV. Observe the changes which succeed fertilization, resulting 
in the formation of the lipe ooopore : the chief are — 

I. Formation of a firm wall completely surrounding tlu' 
fertilized ovum, and fitting closely within the wall of the 
oogonium. 



VAUCIIERIA 


247 


2. An increase in the size and number of the oil globules no 
cell-division takes place. 

V. The reproduction by means of zoospores may readily be 
observed in specimens grown under favourable conditions in 
water : a considerable mass of the Alga is to be placed m a 
porcelain bowl, in w’atcr, and exposed in a window after a few 
days, numerous small plants of Vauchena w ill be found floating 
on the 'surface of the w'ater, or disposed along the submerged 
surface of the bowl ; these have resulted fioin \cgetati\e repio- 
duction by zoospores. In older to see the process, observa- 
tions must be made in the eaily morning, 01 else the culture 
must be kept in the dark iiH shoitl) befoie the observations aic 
to be made Shoilly after dawn (01 soon after the specimens 
have been exposed to light) some filaments may be seen with a 
lens to have dark-colouied and slighti) swollen ends these aic 
about to foim /oospoies mount some specimens without a 
cover-slip, t.iking caic to avoid injuiing them , ana examine 
under a low pow cr obsei v e — 

1. The swollen end of the filament, with dark, densely aggre- 
gated protoplasm, sunoundmg a vacuole 

2. The transv erse septum div iding the swollen end fiom the- 
rest of the filament. 

If such specimens be kept under observation, the escape of 
the zoospore may be obseivcd . the following points aie to 
be specially noted— 

1 \’ariou5 changes in the piotoplasmic bodv and vacuole, 
terminating in the formation of a tianspaient, and radiall) 
striated, outer protoplasmic coat (ectoplasm), which lines the 
cell-wall, while darkci, more granular protoplasm (endoplasm 'i, 
including the chlorophyll coipuscles, collects towards the centre. 

2 The rupture of the cell-wall by an inegular slit nc.ir to the 
extreme apex of the filament before the luptuie the septum 
may be seen to present a convex surface to the rest of the 
filament, indicating gieatcr internal tension in the “zoosporan- 
gium ” ; on rupture, this is relieved, and the septum then pro- 
jects convexly into the cavity of the empty zoosporangium. 

3. The passage of the protopli^^mic mass through the opening, 
by a streaming movement, assisted by more or less marked, 
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screw-like rotation of the whole body : the protoplasm may 
undergo division at the time of escape, and two zoospores may 
thus be formed. 

4. The rapid movement of the large zoospore when free, 
which may be followed with the naked eye, and under the 
microscope is seen to be rotatory. The motile period lasts but 
a short time, and varies m different species. 

Treat a zoospore, which has just escaped, and is ih rapid 
motion, with a solution of iodine : put on a cover-slip, and 
examine under a higher power; no cell-wall will be visible, 
though the solution will in some measure contract the spore 
Turning more especially to the ectoplasm, there wdll be seen 
numerous cilia, arranged in pairs, projecting from the surface 
of the zoospore, while in the transparent ectoplasm will be 
seen numerous highly refracti\e bodies, which stain with iodine 
these are nuclei, and a careful observation will show that then 
position IS exactly opposite the insertion of the pairs of cilia. 

Treat a zoospoie, which has come to rest, w ith a plasmolyziii}^ 
agent such as 2 percent, solution of common salt, watching it 
meanw'hile under a high power, the protoplasm w ill contraci, 
and a fine cell-wall will be seen This result may also lie 
obtained by pressure on the cover-slip 

Mount and examine zoospores which have already come to 
rest, and by a comparison of them the process of their gei 
mination, and the development of new plants fiom them ma) lx 
deduced. 



CONJUGA'I'^: 


SPIROGYEA 

I. In summer, in stagnant ot slowly-flowing waters, florrulcnt 
freely-floating masses of a vivid green colour, and slimy to the 
touch, may frequently be found • with the naked eye it may be 
seen that the masses consist of coiled and tangled unbianched 
filaments, in which there appears to be no distinction of apex 
or base. 

Mount a few of them ip water, and examine them under a 
low pow'cr : note that the simple unbranched filaments aie 
partitioned off l)y transvene septa into a number of relatnely 
shoit cells. It will usually be obvious that the filaments are 
not all alike, and two chief types will frequently be found 
present— 

a Those with two star-like green bodies in each cel! ■ these 
belong to the genus Zypicmay and, as these Alga^ aie not so 
wxll fitted for a detailed observ ation, they may lie neglected 

i>. Others will be seen to have one or more sjnially coiled 
green bands in each cell . these belong to the genus Spiroy^yra. 

A superficial observation of specimens collected at the same 
time and place will usually show that in diffeient filaments 
there is considerable variety m sire, form of the cells, thickness 
of the walls, and in the number and arrangement of the sjnials 
accoiding to these characters (together with those of the 
zygospore) a large number of species of Spin\(^yra are distin- 
guished. It will be found convenient to select for observation 
specimens of the largest size, and with the coils of the green 
spirals furthest apart. Examine such filaments in detail under 
n high power, in the living '-state, mounted in water, and 
observe — 
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1. That the whole filament is covered externally by a trans- 
parent gelatinous sheath, with a somewhat irregular outer 
surface, and showing a radial striation. It is to this layer that 
the Alga owes its slimy character. It is to be noted, however, 
that this sheath is almost entirely absent in some species. 

2. A firm cell-wall, which is more highly refractive . it 
immediately surrounds the protoplasmic body, and is continuous 
w'lth the transverse septa. 

3. The protoplasmic body, which consists of — 

a. A colouiless membrane whidi lines the cell-wall internally, 
and surrounds the large cential vacuole. 

b. The green spiral chromatophores (one or more) embedded 
in the protoplasm note their megular outline, and the 
numerous highly refractive lenticular bodies (pyrenoids) whuh 
are contained in them. 

c. Abi-conve\ lens-shaped nucleus, suspended in the centie 
of the vacuole by fine colouiless slr.inds of piotoplasm, whu li 
run to the piiinordial utricle, att.iching themselves to points 
opposite the pyienoids. 

Stain with an iodine solution, and observe that the colouiless 
protoplasm stains p.de yellow', the niuleus a decpei yellow, and 
It will thus be moic deaily seen, as well as one 01 sometimes 
two nucleoli, which arc dee])l> stained the pjrenoids stain a 
dusky purple. 

II. The process ofccll-division may be very well observed in 
the filaments of .s/z/Vi.'j/w . the chief diffiiultyis however th.it 
the process normally takes plaie at night, beginning about 10 
to 12 P.M If the be placed m a flat jilatc upon a 

block of ice duiing the night, and on the follow-ing morning 
the plants be exposed to a higher temperature, the cell-div ision 
which had been picviously retarded will begin, and tin 
successive stages may be followed. 

The following points in the process should be specially 
noted — 

1. The disappearance of the nucleolus. 

2. The formation of the striated nuclear spindle and of the 
equatorial nuclear disc. 

3. Division of the chromatin which constitutes tbc disc, and 
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the collection of the two halves at the poles of the spindle as 
the new nuclei, which are still connected by fine threads. 

4. The subsequent dilatation of the spindle, the threads 
becoming more curved, while from it new connecting threads 
pass to the peripheral protoplasm. 

5. Meanwhile granules collect at the equator of the dnidmg 
cell. 

6. Note also the m\olution of the chromatophores and their 
subsequent division. 

7. The gradual formation of the septum, beginning at the 
periphery and proceeding low aids the centre. 

Ill In surnmei 01 autumn the piocess of conjugation and 
formation of tlic rygospoies ni.iy frequently be observed m 
Sprroi^yra • filaments which are about to conjugate assume a 
position parallel to one another, and on them the following 
observations aie to be made — 

I. Cells opposite one another jmt out rounded processes, 
which meet. 

2 The wall at the point of junction is abs nbed, and thus the 
canal of communication is formed. 

3 Meanwhile the piotoplasm of the two cells has rounded 
off, one (the male) usually doing so caihei than the other (the 
female) 

4. The protojilasm of the male cell passes thiough the canal, 
and coalesces w ith the female to foim the zygote. 

5. The /)’gotc sill rounds itself with a thick stratified cell-wall, 
which IS smooth, or shows various maikmgs of the suiface 
according to species. 
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I. BASIDIOMVCETES 

AGAEICUS CAMPESTEIS, Z. (The Common 
Mushroom) 

I. Examine a brick of “ mushroom spawn,” such as is sold 
in the shops for the artificial culture of the Mushroom. It will 
be found to consist of a compost of dried cows’-dung, loam, 
and clay, in which numerous very fine microscopic filaments 
are present, or irregularly branched white bands which ma) 
be easily recogni7ed with the naked eye this is the 
mycelium. 

Tease out with needles in water some of the mycelium, mount 
in water, and examine undci a low power : note that the while 
bands recognized with the naked eye are composed of numeioiis 
colourless filaments (mycelial birphee), associated together in a 
parallel course, while here and there single hyjihic diverge from 
the rest, and ramify through the compost 

II. In order to obtain an actively growing mycelium, bearing 
“ mushrooms,” the brick is to be broken into pieces, and these 
must be buried a few inches deep in a compost of similai 
nature to that of the bricks • the whole is to be kept moist, at 
a moderately high temperature, and in the dark. After a peiiod 
of a few weeks, the compost will be found to be permeated by 
a mycelium, similar to that m the brick of “spawn,” while 
numerous mushrooms of various sizes w'ill be found connected 
with it : such a culture as this will suffice for the study of 
Agaricus campesiris in the laboratory. 

III. Remove a small piece of the mycelium, of an actively 
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growing culture, mount it in water, and ha\ing teased it out 
carefully with needles, examine it in detail under a high power, 
and observe— 

I. The hyphse, of cylindrical form, and with rounded free 
ends. 

3. The irregular branching' of the hyphx*. 

3. The septa, which aie transverse, and situated at irregular 
intervals. 

4. Hyph.e may frequently be seen to be incrustcd by 
numerous rod-like crystals. 

IV. Examine a portion of the mycelium which has begun to 
produce “ mushrooms ” . with a little care the compost may be 
entiiely removed from considerable tracts of the branched my- 
celium, and then the relation of the latter to the young mush- 
rooms may be clearly seen. If a series of specimens illustrating 
the development of the mushroom be examined with the naked 
eye, the following observations may be made 

1. That the mushrooms ansc from the mycelium itself. 

2. That they appear first as irregular rounded, or oval upward 
growths, of denser texture than the mycelium itself. 

3. That on cutting one of the smaller mushrooms longi- 
tudinally it appears to the naked eye to be of homogeneous 
structuie. 

4. That older mushrooms acquire an enlarged head (the 
pileus), which is supported on a cylindrical stalk (the stipe). 
In this state they are termed “ button mushrooms.” 

5. That as the pileus dilates horizontally the rupture of a veil 
. of tissue (velum partiale) about its lower margin exposes a 

complicated laminated structure formed internally (the gills, or 
hymenial lamellee). 

6. Note further the ring or aunulus, which remains persist- 
ent on the stipe of the mature mushroom, and marks the line 
of rupture of the velum : the corresponding, irregular fringe at 
the margin of the pileus is also to be recognized. 

7- Removing the mature pileus, examine its lower surface, 
and note the radiating, more or less darkly coloured lameiiR, 
some of which extend the whole way from the margin to the 
insertion of the stipe, others only a part of that distance. 
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Lay the pileus of a mature mushroom with its lamella: down- 
wards on a sheet of white paper for a few hours * on removinj; 
It there will be seen on the paper a sort of print of the configu- 
ration of the under surface of the pileus, produced by the fall 
of the minute, dark-coloured spores. 

V. In order to study the structure of the mushroom by means 
of sections, it is a great ad\antage to harden the material, and 
the following treatment h.is been found to jiroduce good 
results treat the fresh material for about twenty-four houis 
with I to ’5 per cent, chromic acid; wash with water, and 
then successively with 50, 70, and 90 per tent. mctli>latcd 
spirit, the tissues will assume .1 taitilaginous charactei, whuli 
makes it possible to cut fine sections in piepanng large 
specimens it is an advantage to cut them up into jiieccs of 
moderate size, so that the reagents may gam more icady access 
to the internal parts 

From maternil thus treated cut longitudinal sections of 
the stipe so as to include both peripheral and central tissues 
mount m glycerine, and examine first Acilh a low power, ob- 
serve— 

1. The whole is a spurious tissue, composed of elongated 
septate tubes (hyphse), which aie closely interw'oven. 

2. The diameter of the individual hyph.e is less, and ihev 
are more closely packed tow'ards the periphery than neai tin 
centre of the section. 

Examining the sections under a high pow'cr it will further be 
observed — 

1. That the hyphte are branched, while occasionally then 
endings are to be seen. 

2. That tfiey are thin-walled, the transverse or oblique septa 
being so disposed that the cells are not much longer than 
broad. 

3. The protoplasmic contents of the hyphic which make u]i 
the bulk of the tissue are far from being copious, while no single, 
well-marked nucleus is to be found in the individual cells. 

By careful staining it is possible to demonstrate the presence 
of numerous very small nuclei. 

VI. Cut transverse sections of the stipe, and, treating as 
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before, observe that the liypha? appear circular in section, that 
they are more loosely packed towards the centre than at the 
periphery, and that, thioughout, intercellular spaces are to be 
recogni7ed. 

VII. Passing to the pileus of the mature mnshroom, cut 
tangential vertical sections through it in such a way as to tra- 
verse the vertical gills at light angles to their surface • great 
care must be taken that the surfaces of the gills shall not be 
injured in the process of prcjiaration, otherwise the basidia and 
spores which project fiom their surfaces cannot be obseried 
Mount in glycerine, and examine under a low power the chief 
bulk of the section will consist of the massive tissues of the 
pilous, which show little or no differentiation ; passing down- 
wards to the lower surface wheie the gills orlamellK h.ive been 
traversed, the sections of these will be seen as fiinge-like pro- 
jections from the lower surface : occasionally branching of the 
gill may be recog nued. 

Examine the sections in detail under a high power the 
following observations are to be made-- 

1. The mass of tissue of the pileus consists of a plexus of 
much-branched hypha?, w'lth huge intervening spaces it is 
composed of short cells, simiLir in their characteristics to those 
which compose the stipe the chief difference lies in their 
arrangement. This spongy tissue becomes denser about the 
insertion of the lamclke. 

2 . The sections through the lamelke show a differentiation 
into— 

a. The central portion (trama), in which the septate hyphal 
filaments are easily recognized running longitudinally down the 
middle of each lamella, and cunung outwards at their ends 
towards the free surface. 

d. The sub-taymenial layer, composed of shorter, closely- 
packed cells, constituting a pseudo-parenchyma . this consists 
of the short-celled, terminal parts of the hyphal filaments which 
compose the trama. 

c. The hyttenial layer, consisting of oblong, closely packed 
cells, having their longer axes perpendicular to the outei surface : 
of these cells two types are to be distinguished-— 
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i. The paraphyse*; which are somewhat narrower and have 

smooth rounded ends. 

ii. The baaldla, which are more bulky, and longer : each 

bears on its end two to four fine procesaea (ateri^- 
mata); at the extreme tip of each of these there 
appears a swelling A\hich develops into the mature 
apore. Note various stages of dc'. clopment of the 
stengniata, and spores. 

VIII Remove a whole gill carefully from a fresh mushroom, 
mount It on a slide, without any reagent oi covcr*&lip, and 
examine its surface with a medium pow'er . it may then be seen 
that the dark colour is due to the dusky spores, which arc 
thickly distributed over the surface of the gill, two to four beluR 
produced from each baaidium : note further the pale colour of 
the tissue of the hymenium, and the rounded ends of the 
paraphyses, and of those basidia which are young, or ha\c 
already produced mature spores. 



II ^XIDIOMYCETES 


PTJCCINIA GRAMINIS (iEcidium Berberidis), Rust 
of Wheat 

A. Pi(ca?ua Stage 

I. On the stems and leaves of Wheat and others of the 
Graminem in winter, dark oblong patches may often be found, 
which owe their origin to a Kungus {Pueania gramifiis) that 
infests the tissues, and produces the disease called Rust 

Examine one of these patches with a lens, and note that the 
superficial tissues of the Wheat are ruptured by a longitudinal 
slit, and the torn edges aie turned back, so as to expose a 
dense, dark-coloured mass, which protrudes from within the 
nature of this mass must be studied by means of sections 

II. Cut transverse sections of the leaf-sheath, or other diseased 
part of the Grass plant, taking care that the section shall tra- 
verse one or more of the dark patches of Rust mount m 
glycerine, and examine under a low pow’ei. Observe that the 
structure of the g^reater part of the section ib normal . each dark 
patch w'lll be seen to be opposite one of the spaces between the 
vascular bundles, while the epidermis, w'hich normally co\ers 
over the tissues, is ruptured. In case it is the leaf which 
has been cut, dark patches may be observed as rupturing and 
projecting through the cpidernvs of both the upper and lower 
surfaces. 

Put on a high power, and in a thin secticwi observe— 

1. The thin hyphee of the branched mycelium of the parasite 
{Puccinia), which ramify in the softer, succulent tissues, but do 
not as a rule attack the sclerenchyma, or vascular bundles : they 
may be traced up to the dark patches above noted. 

s 
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2. The masses of dark brown teleutospores or winter 
■pores, \\hich are produced by this mycelium, each spore bein^ 
borne on a thin pedicel • each consists of two cells, with thick- 
walls, differentiated into two layers, the exospore and the 

eudospore. 

III. If pieces of a Grass plant bearing- tcleutospoics be kept 
m a moist atmosphere (on wet blotting-paper, under a bell 
glass) in the spring-time, a fine, white, semi-transparent growth 
will be pioduced from the tcleutosporcs : this is the pro- 
mycelium. Remo\e some of these germinated tcleutospoics 
carefully with a needle, and mount in watci • if this be done 
without injuring the promyccluim, it will be seen under a high 
power that one or both of the cells of the teleutospore ha\c jiut 
out a germinal tube flhe promycelium) by rujituie of tin 
exospore, and piotribion of the endo'>pore this promycelium 
dnidcs into four oi fne cells, each of wine h ic-xcepting the basal 
one) prodiu es a conical process ' the steriirma) ; the end of eac h 
of the sterigmala swells into a sm.ill iirc gul.it iy roundish boch 
(the sporidium), which ulumatcly becomes detached. 

B /Kddium Stnqe 

IV. Note in eaily summer on the leaxes of Bcrbms iriegul ii 
bright yellow' or red blotches, the tissues of the leaf appeal ins.; 
swollen at those .spots, and pro|ec:tmg coincxly on the lowii 
su! face, while the upper surface c)f the blotc h is usually c one a\ ( 
on the lower surface numerous iriegularly distributed yellow 
cups (secidium cups) maybe seen pio|ecting slightly becoinl 
the surface, while on the upjier suiface also jirojecting organs 
of smaller si^e, and irregular distribution (spermogonia) m.'iy I'o 
seen. 

V. Cut transverse sections of a diseased leaf, so as to pass 
through one of these blotches mount some in glycerine, othcis 
m chlor-zinc-iodine, and examine under a low- power ; obsenc 

1 That in the thinner normal part of the section, between tin 
upper and lower epidermal layers there is a mesophyll consist- 
ing of a single palisade layer, and five or six irregular layers ol 
spongy parenchyma. 
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2. That the greater bulk of the infected part is due not 
so much to increased number of the cells as to the larger size of 
the individual cells and of the intercellular spaces. 

In the sections prepared with chlor-zmc-iodme, if a good 
staining has been effected, note with a low power that the 
fungal tissues are but slightly stained yellow, w'hile the tissues 
of the host are stained in the usual w'ay, chiefly a dark blue. 
Rccogmizc as the most piominent parts of the parasite— 

1. The secidia, cup-likc structures, containing a closely 
packed mass of spores, and opening by rupture thiongh the 
low'er epidermis of the host. 

2. The spermogonia, 1 datively small, flask-shaped organs 
opening on the upper surface of the leaf. 

Having thus gained a general idea of the sections, examine 
them in detail under a high powei, and note that in the infected 
patch the cells of the host aic apparently embedded in a felt of 
mycelium, consisting of septate and branched hyphae, which 
traverse and completely choke up the intercellular spaces they 
are but slightly stained with chlor-zinc-iodine, while the cell- 
walls of the host plant assume a daik colour : they are for the 
most pait confined to the intercellular spaces, and especially 
those round about the mcidia ; but it is stated that occasionally 
they penetrate the cells of the host, and though this is not easy 
to sec, examples of it should be looked for. Turning to the 
mcidium observe — 

1. Its cup-hke form. 

2. The dense felt of bypbm at the base of it 

3. Immediately above this is the hymenium, a layer com- 
posed of closely packed, parallel, rod-like cells (basidia), 
arranged perpendicularly to the outer surface of the leaf. 

4. The rows of spores, which have been successiv.ely ab- 
stricted from the basidia . observe the hexagonal form, thickened 
w'all, and orange colour of the spores, and the way in which the 
spores of contiguous rows fit together. 

5. The perldlum, consisting of a single layer of cells en- 
veloping the mass of spoies . the form and arrangement of the 
cells resemble that of the spores themselves, though not so 
regular : note the thickened’*and stiiuted outer wall. 
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Returning to the spermogonia, observe — 

1. The closely packed, parallel, rod-hke hypha? converging to 
the centre (steri^mata). 

2. The minute oval bodies (spermatia) abstnctcd from them, 
and escaping thioiigh the narrow pore on to the outer surface 
of the leaf. 

3. The brush of hyphm \\hich protrude thiough the narrow 
poie. 

\'I. It IS known that the mcidium-sporcs of this fungus will 
not infect the Barberry plant afresh, but will only geiminatc so 
as to infect a Grass plant ; thus the fungus is an example of 
“ HetercEcisna.” The spores retain their germinating power 
only for a short period. 

Take some fresh spores from an a^cidium, and place them in 
a drop of water on the surface of a fiesh leaf of sonic Gramin- 
eous plant after keeping it in moist air for about 48 60 hours, 
stiip off a part of the epidermis, or, better, cut tangential sec- 
tions of that part on which the spores have been jilaced mount 
in water with the outer surface of the epidermis uppeimost, 
and examine under a medium power observe that the eecldium 
■pores have produced tubular hyphee, which make their w-a), 
through the pores of the stomata, into the tissues of the Grass 
plant, 

VII. Infect a Grass plant with eecidlum spores and keep it 
in a moist atmosphere ; in about a w'cek reddish swellings will 
appear about the points infected, and the epidermis will be 
ruptured 

Cut tiansverse sections so as to traverse one of these niptured 
spots ; mount in water, and observe under a medium power 
note— ■ 

1, The branched mycelium ramifying in the tissue of the 
Grass. 

2, The ruptured epidermis. 

3, The closely packed uredo-spores of simple oval form, 
borne on thin pedicels (basidia). Observe further the exospore, 
rough with small outgrowths : the endospore, with four germi- 
nal pores, arranged equatorially : note the protoplasmic contents 
with reddish granules. 
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The infected Grass plants which have produced uredo-sporcs 
should be kept till the autumn, when the patches which before 
produced iiredo-spores only will, on ]n\cstij^ation as above 
directed, be found lobcai teleutospores intermixed with them, 
and finally to assume the a\ inter condition of containing teleuto- 
spores or winter-spores only, m which condition the winter is 
passed with this stage the study of the Fungus, as above 
dnected, was begun. 



III. (l.ElsrOCARPOUS ASrOMV(l-:TES 

ETTEOTIUM ASPERGILLUS GLATJCUS 

I Keep a slice of dry bread under a bell-glass, until it 
becomes mouldy E\en a superficial examination of it will 
show in most cases that more than one kind of Mould is present 
Among the rest the most prominent will probably be one which 
bears roundish, white or pale-green heads rloselj aggregated, 
and borne on stalks of about one-sixlecnth of an inch in length 
this Is the conidial form of Euroitum Aspert^n/lui i^laiaus, 
and the branches beaiing the heads aie styled the conidio- 
pbores. 

Shake some of these gently w ith the point of a needle numer- 
ous minute powdery bodies fthc conidia) will be liberated, and 
will float away as a fine cloud 

II. From a pure patch of this green Mould remove a small 
poition with a needle, avoiding mechanical roughness as much 
as possible' lay it on a slide, moisten with a single drop of 
alcohol, then add water, and cover gently with a cover-slip 
Examine it under a low power, and observe — 

1. The stalked conidiopbores, with large, mop-like heads. 

2. Attached to these, the colourless tangled mpcelinm from 
which they spring. 

3. The innumerable detached conidia which will be found 
thickly distributed throughout the preparation. 

Having selected one of the largest of the conidiophores, 
examine it in detail under a high power, noting especially— 

I. The robust atalk, usually without septa : its wall is clearly 
defined, and the protoplasmic contents granular and vacuo- 
lated. 
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2. The transversely septate, branched mycelium, from which 
the conidiophores arise as vertically growing blanches, usually 
from a point immediately behind one of the septa • m this as 
in other cases of branching of the mycelium, the branch grow's 
out at right angles from the Inpha which bears it. 

3. The swollen spherical head of the conidiophoie, with its 
conidia m radiating rows inserted upon it Examine carefully 
the way in which the conidia aic pioduced, noting — 

a The sterigmata, winch aie peg-like, ladiating outgrowths 
from the head of the conidiophoie. 

b. The seiiesof couidla, in successne stages of development, 
which have been successively formed by abstriction from the 
sterigmata. 

r. The oval form, and spiny surface of the mature conidium, 

In ordei to observe the successive stages of development of 
the conidiophoie, small poitions of the Fungus should be taken 
from the white patches, where the growth is youngei, and be 
treated as before. In these specimens the following points are 
to be observed— 

1 The conidiophore as a dub-shaped thick ciect hvpha 

3 The swelling of the head, though it at fust remains cjuite 
smooth. 

3 Minute papillar outgn-owths appeal on the surface of the 
head— these are the young stengmala. 

4. The sterigmata elongate, and liecome attenuated at the 
tips. 

5. The successive stages of abstriction of the conidia from 
the apices of the sterigmata. 

III. In order to trace the germination of the conidia, they 
should be cultiv.ited under nncioscojnc observation on the 
slide. For this purpose a moist chambei is to be piepared as 
directed in Appendix A It will be ncccs^ary to take certain 
piecautions to reduce the probability of access of foreign spores 
to a minimum, and so insuie as nearly as possilile a jiure 
culture. Prepare a nutritive solution by boiling Fiench plums 
in water : this decoction is to be used very dilute, and is to be 
boiled Immediately before stfurtiuK the culture, so as to kill 
any foreign spoies which may be already present : with the 
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same object, the glass slide, cover-slip, and needles are all to 
be heated in a spirit-lamp, and the porous pad for the moist 
chamber is to be w ell boiled m water. 

Having made these pieparations, place a single drop of the 
dilute, sterilized decoction on the rover-shp tlien with a 
needle, moistened with the sterilized fluid, lemove from as pine 
a tuft of Eurotivm as ran be found a •mall number of c onidia, 
and place them m the single drop on the cov er-shp • examine 
under a low power to see that the number of conidia is small, 
then quickly invert the cover-slip and place it over the round 
hole punched in the porous pad. Keep the preparation thus 
made under a bell-glass, and observe it from time to time undvi 
the microscope: if the culture be successful, the suctessive 
stages of germination and of further development of the Mould 
may be watched in detail, 

IV. The perithecia, and the ascotronia (female oigans) which 
give rise to them, are to be sought foi on a mycelium wliu h has 
already produced mature conidia the ripe perithecia {Euroiium 
fruits) maybe readily recognized in old cultures on diy bicad, 
as minute yellowash spherical bodies, easily distinguished by the 
naked eye. 

A. Remove a small piece of mycelium which has already 
borne mature conidiophores, and is thus likely to bear younj^ 
asco^onia, moisten it with alcohol, and then wash off in a 
watch-glass in water as many of the conidia as possible tease 
It out with needles, and, mounting in water, examine under a 
high power. Observe — 

1. That the same mycelium which bears the conidiophores 
also produces relatively thin whip-like branches, with highlv 
refractive contents. 

2. That some of these branches become co'led, at fits! 
loosely, but later in a tightly packed spiral of four or five coils, 
and consisting of several cells . these spirals are the ucoKonU. 

3. That first one, and subsequently several hyphal branches 
appear below the closely coiled ascogonium, forming an in- 
vestment round it ; the first formed branch is called the 
antheridium (male organ), and comes in close contact with the 
apex of the coiled ascogonium. 
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B. From a cultuic of some six weeks’ duration on dry bread 
pick off with a needle some of the minute sphciical penthecia 
mount them m water, and ex.iininc under a low power . 
obser\e-- 

1 The lound 01 o\al form of the penthecia 

2 That they aic composed of a small-celled pscudo-paien- 
chyinatoiis tissue. 

3 Then jeilou colour 

4 I'hen inseition, each being boinc on a single filament of 
mycelium 

The yellow colour is due to an oily substance, which is 
soluble in alcohol, or m potash solution. 

Treat some peritheci.i with a weak jiotash solution, mount 
them m glycerine, and examine under a high power : note — 

1. The wall of the perithecmm, consisting of a single layer 
of somewhat fl.utened cells. 

2. The ca\ity sui rounded by that wall, filled with bodies of 
o\al form — the asci. 

In ordei to be able to examine the asci m detail, mount fiesh 
penthecia in glycerine, press with a needle on the covei-shp so 
as to burst them, and note— 

I The luptured wall, as before. 

2. The oval asci, each of which contains eight ascospores, 
of oval shape w’hcn young, and bi-coin ex-lens shaped when 
mature 

3. Other cells may also be found which belong to the pseudo- 
parenchyma : this IS derived by ingrowth from the w^all of the 
perithecium, and is only to be found in young penthecia . at the 
period of maturity it is completely absorbed. 

Among the Moulds which appear with constancy on bread 
kept under a bell-glass, as also on other organic bodies, is Pem- 
ctlhitm : it maybe readily distinguished from Aspergillus by its 
lower grow'th, more \elvet-hke appearance, and blue-green 
colour, while the latter shows a higher giow'th, so that the 
individual conidiophores may be seen with the naked eye, and 
Its colour IS an olive-green 

Remove a small piece from, a pure patch of PenicilliumvAlxeAs. 
has been recognued by the above characters : tease it out with 
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needles, then moisten it with alcohol, and mount m watei 
Examine it under a high power, and observe the branched, 
septate mycelium, which frequently forms a vcrv dense mat 
this is especially the case if it be grown on Pasteur’s solution 
with sugar. Note that certain branches, which grew up from 
the substiatum, end m a brush of closely arranged parallel 
branches, and that each branch is terminated by a string of 
conidia these aic foirned b) basipetal abstriction, in the same 
way as in A Kprri^illu^. 

The conidia may be geiminated in the same way as those of 
AsperpUus, and with suitable precautions puie cultures maybe 
grow n on various nutritive substrata. 



IV. T’RRONOSPORE/t: 

PYTHIUM DE BARYANUM 

1. Sow seeds of the common garden Cress {Lepidhwi sativum) 
thickly in a flower-pot co\cr it o\ei with a glass plate, and 
keep It w’ell watered, so that the >oung seedlings giow up in an 
.itinosphere saturated with water. After a few days the head 
of some of the seedlings may be seen to liave bent over, owing 
to insLifticient support of the stem . examination will show that 
the cunaturc is a sharji one, so that it is not due to general 
weakness . fuither that the stem is tlnn and flabby at the point 
of cuisaluie: while fungal filaments may be obsciwed in close 
contact with the stem at that point, and it is this Fungus 
{fythium dc Baryanum) which is the cause of the disease 
termed by gardeners “damping off”, it is of common occur- 
rence in propagating pits which ate kept too waim and moist. 

If the Cress cultuies be kept damp for some days longer, a 
• thick felt of hyphae wall be formed, w'hich will bind the seedlings 
together : and finally the disoiganiyation, w'hich usually begins 
near the base of the hypocotyledonary stem, will spread through- 
out the seedlings, causing complete rotting 

II. Mount pait of a stem of one of the collapsed seedlings m 
water, and examine undet a low pow-er obsei\e— 

I- That the tissues show an abnoimal appearance at the 
point of curvature, their colour is yellowish, and the indi\idual 
cells show signs of having lost then tuigidity. 

2. That numerous colourless branched hyphw extend along 
the surface of the seedling, beirfg most numerous at the point of 
curvature, and less frequent further up. 
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III. Tease out a portion of the infected jiart, as well as of tin 
healthy pait abo\e, with needles in water, and mount so that ,i 
part at least of the epideitnis shall be seen m external suifaic' 
\ lew , or sections may be cut, the infected part being held 
between pieces of pith . in such picparations obscr\c — 

I The healthy part of the cpideiniis with elongated cells, <mil 
occasional stomata 

j. 7'he branched, highly lefiai tue, and foi the most paitroii- 
septate hyphse, lunning with an iiicgulai, but mustlj longitudin.il 
course along^ the outer surface. 

3 Mark especially the points of entry of the Fungus into the 
host-plant this may be cither— 

a By perforation of the outer wall of a cell of the epiderinis 
and this is by far the more common or — 

b. By passage of the hyph.i throug:h the pore of a stoma • 
this is the less common mode, 

4 Trace the further couise of the hypha thiough the tians- 
parent tissues of the host-plant, noting the rarity, or complete 
absence, of septa. 

IV. Place an infected seedling in fiesh water, m a flat watdi- 
glass, and examine it at intei\als for a d.iy oi two uiuh i a h'w 
pow'er. Many of the filaments will be seen to foim swellings at 
certain points, which assume a spheiical form, .iie filled with 
granular protoplasm, and are dnided off by ,i septum from the 
paient filament, while the thin outer wall assumes a dailai 
colour these swollen bodies arc the asexual reproductix e oi gan^, 
or resting^ spores: these may be either terminal or intercalai} 
in position on the filament. 

It IS characteristic of this species that the hypha should he 
partially or completely emptied of piotoplasm for a shoit cli^ 
tance below the spore. 

These spores are capable of withstanding di ought, oi -i 
temperature below freezing, without losing their vitality. 

V. From a culture containing numerous spores, scparati 
small portion, and exposfe it in a watch-glass to a relatively (cn 
siderablc bulk of fiesh water: examine the culture at interv.ih 
under a low power. Some of the spores will be seen to germinate, 
forming tubular hypha; similar to those which produced them 
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VI, Continue at intervals the observation of those cultures 
which have already produced spores : the formation of tlie 
sexual origans will frequently be seen to succeed that of the 
spores. 

a. The ooironium lesembles at first the spore in being spheri- 
cal, and about of equal size with it, and is partitioned off by a 
septum • a central spherical mass of protoplasm (the ovum) is 
to be recognized. 

b. The antheridium arises as a branch, cither fiom the same 
filament as the oogonium, or from another, its apex is cut off 
by a septum, and it comes in close contact with the oogonium 

a cylindrical process from it passes thiough the wall of the 
oogonium, and gams access to the ovum. 

c In more mature specimens the oogonium contains a single 
round, distinctly walled cell (the oospore), which lies fieely 
w'lthin It 

Observations may also be made on the Potato Fungus {Phyio- 
pJif/iora infesians), the mycelium of wlmh permeates the tissues 
of the ]‘otato plant, while its blanched comdiophores project 
through the stomata 



V. MUCORINE.^*: 

MUCOB MTJCEDO, Fm 

I. If a slice of bread be soaked in ^^ater, and kept under i 
bcll-^dass, various Moulds will make their appearance upon it 
about the fourth or fifth day there will be seen a Mould, whu h 
at fir‘'t a[)pears white and flocciilent, producinj^ long unbianched 
stalks, which tciniinate in round heads, white .it fiist, and suh 
sequently bee oming black this will be or Muccdo. It in.u 
also be obtained on horse-dung kept under a bell-glass, and on 
various other substrata 

II Remo\e a \ery small piece of the bread bearing tin 
Mould, and tease it out gently in water, mount and esamiiu 
under a low pow'cr • note— 

1. Relatively thick, non-septate hyphtr, which ramify in tin 
substance of the bread. 

2 . Relatively thin branches, which are produced from tin 
thick ones, and themselves, branching repeatedly, produce a \ c i \ 
extensive system of minute fibrils. 

3. Hypha? similar to (j), which bow'ever grow erect in tin 
air (aporangiophorea), each bearing at its summit one sphcru.il 
aporangiom : this w’iil certainly have been damaged in tin 
process of preparation. 

III. Cut off a number of mature sporangia with scissoi^ 
from the flocculent growth, treating them very gently, so as t " 
avoid damage . mount them in alcohol, and examine them 
quickly under a low power : observe— 

1. The cylindrical aporanglophorea, each terminated by- 

2. The spherical and dark-coloured aporanglum, with 
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dense contents, and its very thin limiting wall, often bearing 
small radiating projections. 

3, Towards the point of attachment to the stalk a clearer 
space may be recognized in the contents ; this indicates the 
position of the columella. 

Add a drop of water, and diaw it under the cover-slip with 
blotting-paper, watching the effect upon the sporangia as the 
water gams access to the spoiangia, they burst suddenh, and 
the wall may be torn to fragments so minute that it rannot be 
iccognizcd again. Meanwhile the contents, the swelling of 
which caused the rupture, giadually distend, and may be 
iccognizcd as consisting of— 

4 Numerous oval spores, with smooth walls. 

5 .An intermediate muellatrinous substance which is capable 
of swelling, and thus cffctts not onl\ the bursting of the sporan- 
gium, but also the dispersal of the sj>orcs. 

6 .\flcr the swelling and dis|.)ersal of the spoies arc complete, 
there will be seen lemainmg a sphcioidal bod\ v the columella), 
which IS the distended septum of separation of the sporangium 
from the sporangiophorc . round its base the remains of 
the wall of the sporangium ma) often be tiaccd as a lagged 
fringe. 

I\’. Witli similar precautions to those taken in the cascofthe 
spores of F.uroiium A^pcr^iiillus (p. 2631, sow spores of 
m a chop ofa stenli/ecl decoction of hoisc-dung, 01 of Fiench 
plums, or cither suitable solution . theswx'lling and germination 
of the spores and the foinution of the branched, non-septate 
inyLclium are to he watched, and chaw mgs ma\ with ad- 
vantage be made at intervals, so as to iccorci the prog 1 css of 
the cultures. 


SPOEODINIA QEANDIS, Lhih 

V. Mutor muct'do iXso rcpioduces itself by means of *yico- 
•pores, which aie of such si/c that they ina\ be detected with 
the naked eye as black bodies which project slightly from the 
substratum ; but they arc n«rt of constant occurrence, and may 
ficquently be looked for in vain. Accordingly it will be found 
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more convenient and successful to study the development and 
structure of the zygospores m an allied form, m which they 
arc produced in profusion, viz. in Sporodima grandis^ Link. 
( = Syaygifcs megalocarpus^ Ehr ). 

Sporodima is a fungus which may frequently be found in 
autumn, growing parasitically on many of the larger, fleshy 
Hymcnomycctes, especially on Ruisula^ or Boletus : it appears 
as a greyish or blown flocculent growth, and the zygospores are 
of such a size that they can readily be seen as reddish-brown 
bodies with the naked eye. While a part of the mycelium 
ramifies in the tissue of the host, the zygospoies are borne on 
aerial branches : they may thus be easily recognized. 

Tease out a small piece of the flocculent mycelium gently in 
w'ater : examine under a low- power, and obseri c— 

1. The branched hyphse, which arc light-coloured, and rarely 
septate when young, but assume a blown colour, and form 
numerous transvei sc septa at irregular intervals as they grow' old. 

2. The large biown zygospoies; each supported by two 
thicker, club-shaped hyphte {Syzygitcs form) 

3. The relatively small sporangia boine on branched spor- 
angiophorcs, and having a structure similar to those of Minor 
{Sporodima form) 

Compare a number of zygospores in various stages of deve- 
lopment, and observe in them the following points - 

1. The swelling of two neighbouring mycelial filaments 
(snspenBors), and their assumption of a position wifh their two 
swollen ends opposite one another. 

2. The formation of transverse septa cutting off the apical 
part of each suspensor, thus forming the tw'O cametes. 

3. The two gametes in close contact with one another, while 
the walls at the point of contact are gradually absorbed, the 
absorption beginning at the central point : the two protoplasmic 
bodies thus coalesce to form the syrote, or syirospore. 

4. The increase in size of the zygospore, its contents becoming 
dense and oily, while the wall at the period of maturity consists 
of the following successive layers — 

a. The primary membrane of the gametes, which remains thin, 
but persistent as an e.xternal covering. 
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b. The epispore, which is a dark-coIourcd firm or buttle layer, 
with hemispherical warl-like outgrowths from the surface. 

c. The endospore, which is thicker and more Iranspaient. 
Note how numerous though irregular are the septa in the 

mycelium which has produced zygospores. 

It IS not an uncommon thing m Sporoduiia to find that the 
two gametes may not come m contact, and no zygote be found , 
but still each gamete may develop into a body resembling a 
zygospoie m the character of the wcall, the contents, .ind m the 
mode of germination. These bodies are called azy^ospores. 
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'Fuk following li^t of reagents is not intended to be an 
e\hausti\c catalogue of the vaiious substances in use in the 
Hotanual Laboiatorv it includes, houecer, those ic.igenls 
which <ire considered to be of the gre.itest impoitance in 
clemcnt.li> te.ic hing, logethei with notes on their pioper jire- 
p.ir.ition, <incl uses 

Acetate of Potash. A strc^ng^ solution in water is used as a 
mounting medium for piepai.inons of green paits of plants 
in this solution the> tetain then green coloui foi a long time. 
Aluminium acet.ite may also be used foi tlie same purpose 

Acetic Acid. This IS usually used as a dilute solution in 
water (I percent)* it dissoKes calcium carbonate with e\olu- 
tion of bubliles of C(\, It bungs out the nuclei \ery cleaih, 
and with this object in view it is used with meth\ 1-green it 
may also be emidoyed as a collective aftei treatment of .i pre- 
paration with potash, if thetissfles have become too transp.ircnt 
Olacial acetic acid is also sometimes used m the preparation of 
the apex of Fucm. 

Alcohol is of univeisal use as a solvent, precipitant, and 
hardening’ agent. Absolute alcohol is the best, but for most 
ordinary w'ork strong methylated spirit will do. It dissolves 
chlorophyll and other colouring matters, resins, ethereal oils, 
and soBie fixed oils ; wax is soluble in hot alc ohol. It piecipitates 
some substances, such as sug.ars, muhn, and asparagin. It 
coagulates proteids, and has a peculiar action on some crystal- 
loids. It acts as a hardening agent on cell- walls, sometimes 
rendering them too brittle : thfs may be overcome by soaking 
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the material, before cutting sections, in a mixture of equal parts 
of alcohol and glycerine. 

Alkanna (the root of Afuhusa iimtona) is used as a test foi 
resin, caoutchouc, and oils. The alcoholic solution of alkannin, 
as supplied by the dealers, may be used for this purpose ; but it 
IS found better to use sections of the dry alkanna root. 

Ammonia. The solution in water is often used for clearing 
preparations instead of potash, asits action is less intense It 
IS used with nitric acid as a lest for proteids, and with coppei 
sulphate as a solvent for gome forms of cellulose (see below, 
Copper Sulphate). 

Ammonium Molybdate, used, dvssoKed in a strong solution 
of ammonium chloride, as a reagent for the detection of tannin, 
with which It gives a \oluminous yellow precipitate 

Aniline Sulphate and Chloride aie used as reagents foi 
lignified cell-walls, which they stain yellow, while no other parts 
of the tissue are coloured by them A saturated solution of 
either of these substances is made in distilled water, filtered, 
and a few drops lespectively of sulphuric or hydrochloric acul 
are added, so that the solution shall give a distinctly and 
reaction : or a solution may be made in alcohol, and then be 
diluted with water. 

Anphalte is used for sealing up slides in which glycerine h.iN 
been used as a mounting medium : it is liable to become vei\ 
brittle after a time, and, to prevent the cement breaking awa\, 
it may with advantage be covered with a layer of gold-sue It 
may be obtained ready for use from the dealers. 

Bensoi, used as a solvent ^r various substances, e.g. tin 
coagulum of latex, ceric acid, &c. 

Bnuuiwlek BUck may be bought ready prepared from dealer n 
in microscopic requisities : it is used for sealing up slides, 

OhllUB-reaceut of Russow is prepared by mixing equal 
volumes of chlor-zinc-iodine, and of the solution of iodine in 
potassium iodide: it stains the callus of sieve-tubes a deep 
brown. 

Canada Balsam is to be used dissolved in benzol and in such 
proportion that it shall have the consistency of syrup. It i^ 
used as a mounting medium for sections previously treated 
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with alcohol, and then, with either oil of cloves, turpentine 
and creosote, or cajcput oil ; it is also used for scalinj^ up slides 

Cane-Sttirar. The concentrated solution in water is sometimes 
used, together with stiong sulphuric acid, as a test for proteids 
A dilute solution (f pci cent, or more) is useful for mounting 
living cells for observation under the microscope. 

Carbolic Acid (see Phenol). 

Carmine. The two best preparations of carmine aic those 
of Beale and 'I'hicrsch. 

1 Beale’s Carmine - To pieparc this, 06 gramme of carmine 
IS dissolved in 2 c c of boiling solution of ammonia ; the solu- 
tion must then stand foi an houi or so to cool, and to allow of 
the escape of the supeifluous ammonia ; to the solution aie 
.idded 60 C(. of distilled water, f)0 grammes of glvcerine, and 
15 grammes of .ibsolutc akohol 'I’he mixture must be allowed 
(0 stand for some time ; it is then to be filleted 

2 Thiersi h's C ai mine - 4 giammcs of bor.ix are dissolv ed in 
sfi c.c of distilled watci , to this 1 giammcof carmine is added, 
and then twice its volume of absolute alcohol is added to the 
liquid Aftei filtiation the liquid is ready foi use. 

Carmine has hut little differentiating powei it readil) stains 
the protoplasm and the nucleus ; Thieisth’s preparation is espe- 
cially useful foi bringing out the structure of the nucleus. It 
can very well be used for sections which have been previously 
treated with piciic, chromic, and osmic ai ids. 'I he time dining 
which the section is to be e\])Osed to Us .iction vanes very 
much the rule is th.it the most satisfactory icsults are obtained 
by a piolonged immersion in a dilute solution Incase of ovei- 
staining, the sections may be washed for a moment in water to 
which a trace of ammonia has been added. 

Preparations stained with carmine aic best mounted in 
glycerine. (See also Picro-carniine ) 

Chloral Hydrate is used, together with iodine, foi the detec- 
tion of starch-grains included m the chlorophyll-coipuscles. 
Dissolve 8 parts chWal hydrate in 5 parts of water, and add 
crystals of iodine, which will dissolve slowly and colour the solu 
tion. The material to be tested should be bleached with alcohol, 
and then be laid in the solution for twelve to twenty-four houts. 
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Chloroform is used as a solvent for various substances, e.g 
oils, coagulum of latex, &r, 

Chlor-Zinc-Iodlne (Schul/e’s Solution) is the best differen- 
tiating reagent, and the one most generally used, but the chief 
objection to it is that, as in the case of other preparations 
of iodine, the stain is not permanent. There arc \arious ways 
of preparing it, but the best is as follows -- 

1. Dissolve no grammes of ?inc in 300 c c of pure hydro- 
chloric acid, and e\aporatc to 150 c c (sp gi t 8) 

2. Dissolve 12 grammes of potassium iodide in as little water 
as possible, and add o 15 grammes of ciystals of iodine 

3 Mix' (i) and (2), 

This reagent may however be obtained ready picpared from 
dealers in microscopic requisites. It may be used either for 
fresh material, or after treatment with picric acid, or alcohol 
the colouring of cellulose walls is intensified if the objects have 
been previously treated with potash, and the alkali thoroughly 
washed out. 

Under this reagent cellulose walls turn blue, 01 \ lolet, hgnified 
walls yellow’^, or various slnides to a sheiry blown, corky walls 
yellow or brown, piotoplasm brown, w'hilc starch -grains swell 
and turn blue. 

Chromic Acid. A strong aqueous solution of this acid, 10 pet 
cent., dissolves hgnified and cellulose tell-walls^t cuticulaiized 
cell-walls resist its action ; but they become very transparent, 
and may bp easily overlooked A dilute solution brings out the 
stratification of cell-walls very clearly. A 1 per cent, solu- 
tion may l)e used in the preparation of Seaweeds 

Clove-oll is used as a clearing agint before mounting spet 1- 
mens which have been treated with alcohol in Canada balsam. 

Copper Sulphate is used in the picparation of Fehling’s fluid 
(see below), and the preparation of ammoniacal solution ol 
cujiric hydrate (see below). 

Corallln (Rosolic Acidj. A solution of corallin in a 30 pei 
cent, solution of sodium carbonate colouts lignificd tissue, the 
callus of sieve-tubes, and starch-grains pink. 

Creosote is used together with turpentine as a clearing agent 
before mounting in Canada balsam : 1 part of creosote and 4 
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parts of turpentine arc to be shaken well together, and set aside 
till the cloudiness formed on their first mixing disappears 

Cupric Hydrate, 'fhe ammoniacal solution of cupru hydrate 
IS used as a solvent for puie tellulosc 'I'o a solution of copper 
sulphate in watei add dilute pot.ish coilei t the prenpitate on 
a filter, wash with watei, and then dissolve it in a little strong 
ammonia this solution, which is of a dark blue coloui, must be 
piep.iied fresh eadi time it is leciuired foi use 

Dammar, dissolved in watm tnipentine, and tvapoialed to 
the consistency of sv nip, is sometimes used as a mounting medium 
instead of Canada Iralsam it does not set so fiimlv as balsam, 
and It is well to seal up slides in vvhuh it lus been used. 

Ether IS used as a solvent for wax, oils, &c. When veiy 
small objects have been embedded in paiaffin or cocoa-butter, 
it may b<f convenient to dissolve off the fragments of embedding 
material w ith ether • the sm<dl sections w ill then be readily found, 
and collected. 

'' Eau de Javelle " is revomincndcd as a clearing agimt for 
growing points, and other mcnsnriiic tissues the cell-contents 
swell under its action, and the cell-walls which remain may then 
he easily seen It is prepared by adding to 2 pints of water 2 
ounces of chloride of lime, and 4 ouikcs of caibonatc of pota«>h 
01 of soda Objects treated with it .ite to be washed with 
water, then with dilute acetic acid, and should be mounted m 
glyieiine. 

Eoain is used in strong solution m alcohol, or in water, for 
demonsiiatmg the siiuctuie of sieve-tubes 

Fehlinr's Fluid is used as a test for gra[)e-sugar the follow mg 
diiections for its piepaialion aie given in Foster’s Pnudial 
Pfiyuoloi^y • - 

(i. Dissolve 34 65 grammes of puie crystalli/ed cupric sulphate 
in about ifioce of distilled water. 

A Dissolve also^ 173 grammes of puie crystalh/cd potassic- 
sodic tartrate in ()O0 to 700 grammes of sodic hydiaie i,sp 
gi. ri2). 

Add (ir) to (//), stirring well to cause a thorough’ mixture, and 
dilute with distilled watei toa litre. 

Fehhng-’s fluid should be fresh made whenever it is icqiuicd, 
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since it decomposes on keeping ; it will keep some little time if 
kept m a cool place m the dark, and in completely filled, well 
closed bottles (Hoppe-Sey)er). 

The solution {i>) may be prepared, and kept for adding to (^'^) 
freshly prepaied when required 

Before using a kept solution to test for sugar, always boil a 
little of It by Itself to see if any reduction will take place. 

From I c.c of this solution the copper is completely reduced 
by o 005 grammes of grape-sugar 

Ferroua Sulphate is used in dilute solution in water, to which 
a drop of nitric acid has been addc<l, as a test for tannin 

Fuchain is used in solution in alcohol, for bringing out the 
structure of thickened cell-walls, and especially the outer walls 
of the epidermis, and coiky walls, the sections should ha\e 
been preMously treated with alcohol When a section has been 
stained with fuchsin. and washed in absolute alcohol, the coloi- 
ation IS removed from all parts excepting the corky and 
cuticulan/ed w.ills 

Olycerine is the most generally used medium for mounting, 
as It has the advantages of a high rcfractice index, and of not 
being subject to evaporation. It may be applied cither pure or 
diluted • pure glycerine is to be used, after haidcning in alcohol, 
when it is desired to observe the details of the protoplasm, i j.c 
in the preparation of the contents of the embryo-sac ; dilute 
glycerine (1 pait glycerine, i part water) is, however, of most 
general^use. 

Olycerine Jelly is a suitable mounting medium for many 
objects : it may be bought ready for use from dealers in 
microscopic requisites ; or it may he preji.ired accoidmg to 
Kaiser’s receipt, as follows 1 part by weight of finest French 
g-clatin IS to be soaked for about tivo hours in 6 jiaits of distilled 
watei ; 7 p.irts of chemically pine gl)cerine arc added, and to 
about 100 grammes of this mixture i gramific of carbolic acid 
IS added. The whole mixture is to be warmed and continually 
stirred for 10-15 niinutes, till the fluid is clear, and then to be 
filtc red through gkiss-wool. 

aold Chloride is” sometimes used in a i*o per cent, or 0 5 per 
cent, solution in Vatcr as a delicate stain foi protoplasm. 
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Gold-Size IS to be obtained from dealers in microscopic 
requisitics it is used for sealing up slides, and a layer of it may 
with advantage be applied after sealing with asphalte, or 
Brunswick black. 

Gum Arabic is occasional!) used as an embedding medium 
for \ ery small objects 

Haematoxylin A number of preparations of this colouring- 
matter aie in use, of these the following are those generally 
emplojed foi vegetable tissues , — 

I. Alum .Solution of Hamiatovylin — 1 )is5ohe 035 gramme 
of h<rmato\ylin in 10 c c. of water, and add to it a feu drops of 
a solution of alum consisting of 1 gramme of alum to to c.t of 
water. 

2 Kleinenberg’s Ha-matovvlin.— Saturate some 70 jier cent. 
aUohol with calcium chloiide , let the mixture stand foi twelve 
to tvventy-foui houi.s o\ei alum, shaking ociasionally , add S 
parts of 70 per vent, ahohol , tiliei, and then add a solution of 
hamiatoxylin in absolute alcohol until the lujuid has a purple- blue 
colour ; let it stand in a (orked bottle exposed to sunlight for 
about a month ; it is then fit for use. The liquid is to be diluted as 
required vv iih alum solution. This preparation is most geneially 
emjiloyed, and it may be bought from the dealers icadv for use 

3. Expose a few crystals of h.emalo.xyhn to the action cff 
gaseous ammonia in a watch-glass under a bell-jai then add.^ 
water, and a good colouring fluid is obtained. T he disadvantage 
of this is that it has to be freshly piepared evciy tune it is 
requiied. 

The alum solutions will stain all parts of ihe cell, including 
the cell-wall Their special uses are (u) to make the cell-walls 
more evident when they are naturally tiansparent and colour- 
less ; (/>) to stain the protojflasm, so as to make its intimate 
structure appaient : (c) to stain the nucleus, so as to demonstiate 
Its presence and to show up its structure. 

'I'he ammomacal solution is especially adapted for differen- 
tiated staining. If a dilute solution be used, the first thing to 
bciome stained is the chromatin of the nucleus, then, aftei a 
time, the rest of the nucleus.(achroniatin), then the protoplasm. 
The cell-walls do not stain with this fluid, or only slightly. 
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Kleinenberg’s hjcmatoxylin stains in a few minutes, whereas the 
alum solution is much slower in its ,ution. 

Hmm.itoxyhn may be used eithei for fiesh material, or foi 
sections which have been previously hardened with alcohol, oi 
w’lth pu'iicor (hiomic acid In the latter tasc the sections 
must be washed icpe.iti'dlv in distilled watei to remove every 
trace of the a( id, which, if jnesent, would inteifeie with the 
projier action of the h.ematoxvhn If the section becomes too 
deeply stained, as sometimes happens when the alum-haana- 
toxylin IS used, the excess of c oloui ing-niattei ma> be temoved 
bv washinj^ with a solution of 4duni n’’ w.itcr 

Sections stained with alum, or witli kleinenbcrg’s h.ema- 
toxv lin, are to be mounted in C'.mada b.ilsam, oi Dammar . 
those stained with the ammoniac.d solution aie to be mounted 
in glycerine. 

4 Ilaidenhain’s ha malowhn IS spcci.dly useful foi microtome 
sections fixed upon the slide Two solutions aie needed — 

A .Solution of non alum 
B. Solution of ha'inatoxylm 

'I’hcse can be obtained ready piep.ired fioin de.ilers 
'J'hc sections should be soaked out m watei, and placed in solu- 
tion A for five to ten minutes w.ish lapicll^ in watei, and immeise 
fh scdution B foi one-h.ilf to one houi, oi longci On lemoval, 
rinse again with water, and immerse in solution A, watching 
carefully the process of destaming, which c-.in be stopped at the 
right moment by washing m w.iter. 

The sections can now be countcr-stamed, foi instance with 
Bismarck brown dissolved m alcohol, and mounted in Canada 
balsam. The result is that the chromatin of the nuclei is 
stained more or less deeply acc oidmg to the degree to whu h the 
staining has been earned , while the cell-walls will be indicated 
by the Bism.irck brown 

This method is especially useful for ineristem.itic tissues 
5. For anatomical detail of matin e tissues the following double 
stain is lecommended - 

Reagents : (i) Klemenbcrg’s hiematoxylin, oidinary solution, 
diluted onedial^ with alcohol ; (2) stiong solution of safranin in 
half-and-half alcohol and water- 
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Sections of the material which had been hardened in spirit 
are to be placed in the safranin solution in a watch-glass for half 
an hour or longer, as required remo\e to hcvm.itoxylm solution 
fortuotofnc minutes: wash in watei with a little alcohol in 
It, taking some of the ha'mato\)lin o\cr with the stction • after 
a few minutes treat with absolute alc ohol, then oil of cloves, and 
mount in C.inada b.dsam. 

Hoflmann'B Blue. ISed in soluiion in dilute alcohol slightly 
acidified with acetic acid it is a useful le.igcnt, inasmuch as 
it stains the protoplasmic cell-contents and not the cell-wall it 
stains also the callus which doses the peifoiations of the siece- 
platcs dunng the wintei in pet cMinial plants It is also used, 
together with suliihunc acid, for demoiistiating the contmuitc 
of jiiotoplrisin thiough c'ell-walls in order to do this a sm.dl 
quantity of the diy subslaiue is clissohed m strong sulphuiic 
acid m a w.iich glass sections, prefendily of fresh matenal, aic 
immersed in it for a short time, then washed with water, and 
mounted in glycerine. 

Hydrochloric Acid. Used, in \cr\ small quantity so as to 
gi\e an acid ic.iction, with aniline chloride, {ihloroglucm, oi 
caibolic .icid, as a test for hgum lU itself the and turns 
lignified cell-walls yellow ; when its action is prolonged, the 
cell-walls become Molet, owing to the pitsence of \aiious sub- 
stances, such as phloroglucin, conifetin, and p) locatechin. 

Iodine IS one of the most useful iCMgeuts it is prep.ued m 
various wa)s. The most impoitant aie the following — 

i. Make a strong solution of pot.issium iodide m distilled 
water, add to this crystals of iodine and set it aside foi sonu‘ 
hours, shaking it occasionally dilute this solution with distilled 
water to the colour of blown sheiry. 'I'he reagent ma) ;ilso be 
prepaicd by diluting the ln/uor iodt of the I’harmacopteia 
This IS the ordinal y iodine solution in common use m the 
kiboratory. 

11. The alcoholic solution may be prepared by dissoKing 
crystals of iodine in alcohol, and diluting with alcohol to a dark 
sherry coloui ; also b) diluting the timium mU oi the Pharma- 
copada : in the absence o^ watei this soluiion does not give the 
blue reaction with starch. 
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III. A solution of potassium iodide and iodine in pure glycerine 
is sometimes used in the treatment of crystalloids. 

IV. The solution of iodine in chloral hydrate is used for 
detection of included starch -grains (sec above, Chloral 
Hydrate). 

V. For the solution in chloride of zinc (Schulze’s solution), see 
above, Chlor-Zinc- Iodine. 

The ordinary solution of iodine (1 ) stains proteid substances, 
and especially the nucleus, brown ; cellulose faintly yellow’ ; 
cuticulanzcd and lignified w’.dls yellow ; gum purple and staich 
blue. Together with sulphuric acid, iodine colouis cellulose 
blue, a reaction similar to that with chlor-/inr-iodinc. 

Methylene Blue is used in solution in water it staiii'^ the cell- 
wall, but not the proiojilasin. 

Methyl-nreen. A tolerably stiong ahoholic solution of this 
IS used. 7 )ie sections of the object, which must have been 
pieviously kej)t in absolute alcohol, are to be tieated with the 
staining-tluid for fioni 5-25 minutes, then quic'kly washed with 
di-stilled water, and mounted m gl^ceime The nucleus stains 
of a green or bluish-gieen colour, the protopl.ism remaining 
uncoloured. It is especially good for staining nuclei which are 
dividing, and for bringing out the nuclei in the cells of Fungi, 
and of the .Siplionca-, for which purpose Stiasburgei recommends 
the following method —The fresh object or section is mounted 
in 2 per cent, acetic acid, to which a little mc'thyl-green has 
been previously added the nuclei are fi Keel almost instantane- 
ously and at the same time stained. These prepaialions may 
then be washed in i per cent acetic acid, and be mounted in 
weak glycerine and acetic acid. Objects stained with nicthvl- 
green fade very rapidly. 

Metliyl'Tiolet. Tliiv is used m concentrated alcoholic solu- 
tion. It is especially useful for staining Bacteria \ few chops 
of the solution arc added to 15-200.0 of distilled water, and a 
drop or two of the mixture should then be placed on the Bac- 
teria-membrane (zoogloea), and l)e allow'ed to remain there for a 
short lime until the membrane appears to be lolouied ; if the 
solution used be too strong, the substance between the Bacteria 
will become stained. The colouring matter is then washed off 



APPENDIX A 


285 


with distilled water, or better with a 10 per cent solution of 
acetate of potash. The preparation may then either be allowed 
to dry in the an and then be mounted in Canada balsam, or it 
may be mounted in a 50 percent, solution of potassium acetate 
in water. 

A useful preparation of methyl-\iolet is the follow in^^ — 
Some that substance is dissolved in strong sulphuric acid, 
forming a brownish-green solution on the gradual addition of 
water the violet colour reappears This is especially useful 
for sieve-tubes If a section be treated with this fluid for a 
short time, and be then washed with water, it will be found that 
the cell- walls have become swollen and transparent, that the 
protoplasm has become deeply stained, and that the sieve-plates 
aieveiy well biought out. Lignifled tissues treated with this 
fluid assume a yellow colour, as they do when treated with 
aniline sulphate. 

Molat Chamber (see Watei). 

mtric Acid colours cuticularized cell-walls and proteids 
yellow; it also causes swelling up of cellulose and of lignitied 
cell-walls. When diluted with water it is useful for dissolving 
the crystals of calcium oxalate which are frequently present in 
the cells It is used with ammonia as a test for proteids 
(xanthoproteic reaction) , with potassium chlorate as a test for 
suberin, and as Schul/c’s macerating fluid. 

Olive Oil IS used as a medium for mounting aleuione-grains, 
so as to see them unaltered. 

Orcin. A solution in alcohol is used as a test for inuhn. 
Sections are to be soaked in the solution and subsequently 
warmed with strong hydrochloric acid ; an orange-red colour 
shows the presence of inuhn. 

Osmic Acid is used in o'l-ro per cent, solution in water, for 
fixing and hardening protoplasm • it also stains fats black. The 
solution should be kept in a well-stoppered bottle in the dark. 

Parattn is used as an embedding medium for small or delrcf te 
objects. Paraffins of varying hardness and temperature of 
melting-point may be obtained : the best for ordinary use is a 
mixtufe which shall melt ai a temperature of 50^ to 60" C. 

‘ Flitnol (Oarbolie Acid).* Used, together with hydrochloric 
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acid, as a test for lignm. The best preparation of it is its solu- 
tion in hydrochloiK and ; this is prepared by dissolving carbolic 
acid in warm hydrochloiic and, adding, whilst the mixluic is 
cooling, sufficient hydrochloiic acid to dissolve any precipitate 
that may be formed. Lignified cells, treated with this mixture 
and exposed to sunlight, assume a bright green colour in con- 
sequence of the presence of coniferm. It may also be used, 
instead of creosote, together with turpentine, as a cfearing 
agent, before mounting in Canada balsam. A small quantity ' 
IS to be added to glyccnncjelly to prevent the growth of Fungi. 

Phloroglucin. Dissolve some phloroglucin in methylated 
spirit, and gradually add strong hydrochloric and till precipita- 
tion be^iiiN , the liquid is then ready for use : in sections treated 
with It iigmfied walls assume a bright red colour. 

Picric Acid. A satuiatcd solution in water is \ery generally 
used fo! fixing the piotopl.ism of the cell as ne.iily as jiossible 
in the form which it held during life. It is, howe\er, objection- 
able, owing to the difficulty in completely washing it out from 
the sjxicimens before hardening in .alcohol, and in most cases 
treatment at once wtb absolute alcohol is to be pi eferred. In 
some cases, such as delicate Alg.e, it is well to dilute the 
saturated solution wulh an equal \olume of water 

Picro>carmine (or amihonium picro-carmmate) is prepared 
by addingastrong ammoniacal solution of carmine to a quantity 
of concentrated solution of picric ac id in water, until a precipi- 
tate begins to be formed ; it IS then c\aporaled to about one- 
fifth of Its bulk, filtered, and the filtrate iscxapoiated to dryness. 
The crystalline residue is dissohcd in water so as to make a 5 
per cent, solution, and this may be diluted as occasion lequires. 

Another method (Gage) is to dissolve a quantity of piciic acid 
in too parts of w'ater, and an equal quantit> of caimine m 50 
parts of solution of ammonia ; these aie then mixed, filtered, 
evaporated to dryness, and the residue dissolved in 100 parts 
of water, 

Picro-carmine is used especially for staining nuclei, the 
staining being more uniform than when carmine alone is used ; 
It has this further advantage, that a prolonged exposure to it 
does not produce overslaining, as is the case with till otijer 
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preparations of carmine. The objeds should he prexionsly 
ke])l for .some tune in absolute alcohol. If it be desired to 
retain the double staining which this reagent produces, the 
sections must be mounted at once m glueiine , but if the 
carmine st, lining only is recjuiicd, the* sections must be washed 
in w'ater, which will dissohe out the picnc acid. When stained 
sections are mounted in glyctime, a small cpi.intity of picro- 
carmine myst be added to the ghceimc in ordei to pieserce 
the colours. 

The various preparations of carmine can be used as well for 
tissues which have been hardened in chiomic, piciic, or osmic 
acid, as foi fresh tissues, but the foiniei slain less leadiK. 

Picro-nierosin. Make a satuiated solution of picric ac id, add 
crystals of nigrosm, and .illow them to dissolve steep the 
specimen m it, and allow time foi slow staining; this leagcnt 
may be used fot simultaneous fixing and staining of delicate 
tissues, and is especially leconimended m the [ repaiation of 
Spir(\i^vrn and other .\lga', and foi l ungi 

Potash may eitliei be tised in .1 dilute .solution i i-j pei cent ) 
or in a strong solution of water .\ dilute solution is commonly 
used as a dealing agent it c.iuscs cell-walls and staich-giains 
to sw'ell, especially when heated, and it dissolves sjiheie-crvsials 
of mulm, c lycstalloids, and most alcurone-grains, and saponifies 
fats. It gives a reddish colour to cells in which tannin is 
pie.sent 

A stiong soliilion may be u.sed as a test foi suberin . when 
secturns of cork aie boiled m sticrng potash, the subetin escajies 
in the form of yellow viscid chops , when the sections are only 
slightly warmed m the solution, the cuticularucd walls assume 
a yellow colour. 

A concentrated solution of caustic potash m alcohol is some- 
times used with gcrod effect in the pieparation of ajiical meri- 
stems, but specimens so tieated cannot be permanently kept. 

Potaasium Acetate (sec Ac etate). 

Potassium Bichromate is used in dilute solution in water as 
a test foi tannin, which it colours d^rk brown ; ilic 1 per cent, 
solutkjp in watei may also be used for hardening tissues. 

Po^sium Chlorate is used together with nitric acid as a 
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macerating agent, and as a test for suberin (see below, Schul/e’s 
Macerating Fluid). 

Ruasow's Calla>>ReaKeiit (see above, Callus-reagent). 

Safranln. This may be used in solution m absolute alcohol. 
It is especially adapted for staining sections which have been 
previously hardened with chromic or picric acid . it is not so 
good for those which have been treated with osinic acid. The 
sections must be well washed m distilled water, and |hen plated 
in a small quantity (i c.c ) of the saturated alcoholic solution 
mixed with an equal volume of distilled water ; they require to 
be left for several hours in the staining fluid. 'I'hey must then 
be removed, and washed for a short time in alcohol , tlien they 
must be placed in absolute alcohol, and kept there until they 
appear transparent. The sections can now' be mounted in dis- 
tilled water in order to see if the results are satisfactory, or, if 
they are to be preserved, they must be cleared with oil of clo\es, 
and mounted in Canada balsam or Dammar. 

By this means \ ery successful preparations of the structure of 
nuclei can be obtained. 

For double staining with safranin, see Kleinenbeig’s Hacma- 
toxylm. 

Schulae’s Macerating; Fluid. Crystals of potassium chlorate 
maybe left to dissolve to saturation ‘in a small bottle of nitric 
acid, in the cold 'I he reagent thus prep;^,red is to be used only 
in small quantities, and the process of maceration should not be 
conducted in near proximity to microscopes, or other metallic 
apparatus. 

It IS used as a macerating fluid for separating the constituents 
of woody tissues from one another, this result being obtainedtiy 
the solution of the middle lamella. The tissue to be macerated 
is cut into small chips, and boiled in a small quantity of the 
fluid for a short time in a test lube ; if the action be too violent, 
it can at any time be checked by adding water • the fluid is then 
poured off and the residue collected on a filter, and w'ell washed 
with water ; the specimeRjS may then be mounted in glycerine. 

Schulse's Solution (see above, Chlor-Zinc-Iodme). 

Sodittm Chloride is used as a lo per cent, solution, or as a 
saturated solution in water, as a solvent for proteid-crj stalloids. 
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A more dilute solution (t-5 percent) is used for inducing 
plasmolysis. 

Bolpbniic Acid. This is used either concentrated, or dilute 
(1 to 3 of water). It causes, in either case, the swelling up of 
cellulose cell-walls, starch-grains, &c. ; when cellulose cell-walls 
which have been previously saturated with solution of iodine are 
treated w-ith sulphuric acid, they turn blue. 

Concentrated sulphuric acid dissolves cellulose and starch, 
but cuticularized or corky cell-walls and the middle lamella of 
lignified cells resist its action. It is used with cane-sugar, as a 
test for proteids, and a few drops of it are added to a solution 
of aniline sulphate as a test for lignin. 

It may also be used as a solvent for cr^'stals of calcium 
oxalate. 

Turpentine is used with creosote, or carbolic acid, as a clear- 
ing agent before mounting in Canada balsam. 

Water may be used as a mounting medium, and as a solvent 
Tor various reagents ; it may also be used for the cultivation of 
small organisms, or pollen-grams, spores, or Fungi, under the 
microscope, and for this purpose a moist chamber is to be con- 
structed as follows .— 

Several thicknesses of blotting-paper are to be cut to the size 
of the glass slide, and a circular hole is punched put of the 
middle, of such a size as t be completely covered by a cover-slip 
The blotting-papei is then soaked m water (or boiled in water 
when pure cultures of I'ungi arc to be made), so as to saturate 
it, and placed on the glass slide A drop of water (or solution 
as described below) is placed on the covei-shp, the object is 
immersed in it, and the cover-slip is then inverted over the hole 
in the blotting-paper. Thus the object is suspended in a drop 
of liquid on the under surface of the cover-slip. Any loss from 
the chamber by evaporation is prevented by occasionally wetting 
the blotting-paper on the slide w’ith freshly boiled, distilled 
“water. 

The liquid to be used will of course v’ary with the nature of 
the object to be observed. In the case of Algae, water may be 
used ; in the case of Fungi, detociions of v'arious organic sub- 
stances (fruits, animal tissues, &c.), or a solution of sugar, 

V 
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according to the habit of the Fungus. For observing the ger- 
mination of the spores of Mosses and Ferns, water will suffice ; 
but in the case of pollen-grains a solution of sugar is necessary 
( 1-20 or even 30 per cent., the concentration being different for 
different plants) ; for obseiving the process of cell-division in 
the hairs on the stamens of Tradcscantia^ a 2 per cent, sugar- 
solution may be used. 
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This appendix includes in a tabular form, as being con\ enient 
for refeience, the more important reactions of the parts of the 
\ egetable cell, and of bodies commonly contained in it. 

Celltaose Cell-walls. 

1 Coloured faintly yellow by iodine. 

II. Swollen and ultimately dissohcd by sulphuric acid. 

III. Coloured blue with iodine and sulphuric acid. 

iv. Coloured blue or violet with chlor-zinc-iodine. 

V. Swollen and dissohed by amnioniacal solution of cupric 
hydrate. 

VI. Stained by solutions of carmine or of h.Tmaloxylin which 
contain a mordant, by methylene blue, and in various degiees 
by other aniline colours. 

Llirnlfled Cell-walls. 

i. Coloured distinctly yellow by iodine, and by chlor-?inc- 
loditie, but in the case of bast-fibres the tint may varj' to sherry 
blown, or even pink. 

II. Coloured brown .and swollen by iodine ami sulphuric 
acid. 

iii. Coloured bright yellow by acidulated solution of aniline 
sulphate. 

IV. Coloured red with acid solution of phloroglucin (see 
Appendix A). 

V. Coloured green when exposed to light after treatment with 
carbolic and hydrochloric acids (see Appendix A), 
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vi. Stained slightly or not at all by solutions of carmine, and 
h.ematoxylin, but readily by aniline colouis, 

Cnticularised or Corky Cell-walla. 

I. Coloured yellow by iodine. 

II, Coloured yellow or brown by chlor-rinc-iodtnc. 

ill. Coloured yellowish by strong potash • on gradually warm- 
ing (without boiling), they become bright yellow . on boiling, 
yellow drops of subenn escape. 

IV. They resist the action of sulphuric acid, letaining their 
clearly-marked outline. 

V. On treatment with Schulze’s macerating fluid, the cuticu- 
larized cell-walls become conspicuous ; on boiling in it, thei. 
substance escapes as viscid drops of ceric acid. 

VI. They are dissolved slowly by strong chromic acid, but 
resist its action for some time. 

vii. They arc not stained by solutions of carmine or ha-ma- 
toxylin, but are coloured by aniline stains. 

MucUaKlnous W&IU lesemble cellulose in m.iny of then 
reactions. 

i. They swell with water. 

ii. They swell to a greater extent with potash. 

iii. They do not stain with iodine. 

iv. They stain pink with corallin soda. 

V. They stain red with Hansicin’s aniline-violct, blue with 
methylene blue ; some kinds of mucilage also stain with Hoff- 
mann’s blue. 

Callus IS found on the plates of sieve-tubes. 

i. It is soluble in sulphuric acid. 

ii. It is stained by Hoffmann’s blue, and by luematoxylin 

iii. Brown by Russow’s callus-reagent. 

iv. Pink with corallin-soda. 

V, It is largely sw'ollen by potash. 

Mlueral Deposits in cells or cell-walls. 

A. Dilica. If a tissue be ignited on platinum foil (after soak- 
ing in nitric acid, or Schulze’s macerating fluid), and the ash, 
after being treated w ith acetic or nitric acid, shows an insoluble 
residue, the residue is silica. 

B. Calcium Oxalate occurs in the form of crystals. 
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I. Insoluble in acetic acid. 

II. Soluble without evolution of gas m nitric acid. 

lii. Soluble in sulphuric acid, with formation of fresh crystals 
of calcium sulphate, if only small bulk of fluid be present. 

iv. Are not stained with iodine, &c. 

C. Calcium Carbonate occurs as incrustations, or cr>'stals 
it IS soluble in acetic acid with evolution of bubbles of gas 
(CO,). 

Protoplasm or Proteids generally. 

I. Coloured yellow or brown by preparations of iodine. 

II. Coloured yellow by nitric acid : on the addition of potash 
or ammonia a bright yellow colour is produced (vanthoproteic 
reaction). 

iii. Swells and loses details of structure on treatment with 
potash, ammonia, or “ eau de javelle.” 

iv. Stains readily with solutions of carmine, h.cmatoxjlin, or 
Hoffmann’s blue ; bright red with Hanstein’s aniline Molet 

The best stains for the nucleus, and for showing the details of 
its structure, arc InL'inato.xylin, safranin, and methyl-green. 

Plastids show under fa\ourable circumstances the same 
leactions as other proteid bodies. 

Aleurone-cralns and crystalloid* gi\c also the characteristic 
reaction of proteids. There is a considerable \anety in the 
solubility of these bodies in water, or in salt-solution, m 
different seeds : the following will ser\e as types : — 

1. Grains unthout crystalloids. 

a. Soluble in water : peony, almond, ' berry, apple. 

A Partially soluble in water; more or less readily soluble 
in 10 per cent, solution of common salt. 

a. Soluble in saturated solution of common salt : lupine, 
pea, bean, scarlet runner. 

/a. Soluble in saturated solution of common salt only 
after treatment with alcohol ; sunflower, turnip, cress. 

2. Grains lontaininff crystalloids. 

a. Partially soluble in water ; more or less readily soluble in 
10 per cent, solution of common salt. 

a. Soluble in saluratetl solution of common salt . l)ra^ll 
nut, pumpkin. 



PRACTICAL BOTANY 


ig4 

jS. Soluble in saturated solution of common salt only 
after treatment with alcohol . castor-oil plant, walnut 
In all cases a mass (g^loboid) of mineral matter remains be- 
hind after the solution of the ijrain : this is soluble in acetic 
acid The sections should be examined in alcohol. 
Starch-frains. 

I. Coloured blue with solutions of iodine in presence of 
water. 

II. They swell in solution of potash 
in. They swell in water above 65' C 

IV. They swell in dilute sulphuric acid. 

V. They sw'ell and are coloured blue with iodine m chloral 
hydrate. 

VI. They stain pink in corallin-soda solution. 

Inulin. 

1. Soluble, but not readily, in cold water 
li. Precipitated as sphere-crystals on extraction of water by 
alcohol or glycerine. 

in. Not appreciably coloured with iodine 
iv. Soluble, without coloration, in potash. 

V. Coloured an orange-red with alcoholic solution of ore in, 
after warming with hydrochloric acid. 
arape^Sofar. 
i. Soluble in water 
li. Less soluble in alcohol 

III. (lives a bulky yellow precipitate with Fehling's solution 
Cane-Sarar differs from the above in giving no precipitate 

with Fehling’s solution. 

Aaparaffin. 
i. Soluble in water, 
li. Precipitated by alcohol. 

lii. Distinguished from other bodies which give the above 
reaction by insolubility in a saturated solution of asjiaiagin. 

med OUa. 

i. Coloured black with osmic acid. 

li. Saponified more or less readily by potash. 

iii. Soluble in ether. 

iv. Stained pink by alkanna. 
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V. Some fixed oils are soluble in alcohol . ej; oil of Rianus. 

Caontcliouc. 

i. Swollen, but not dissolved, by potash. 

ii. Stained with tincture of alkanet. 

iii. Soluble in chloroform or benzol. 

Tannin. 

1. Coloured deep brown by potassium bichromate, or chromic 
acid. 

ii. Coloured greenish-blue by solution of ferrous sulphate and 
nitric acid. 

111. (jives a bulky yellow precipitate \Mth solution of am- 
monium molybdate m strong solution of ammonium chloride. 

Resin. 

1. Soluble more or less readily in alcohol, or ether. 

ii. Coloured red by alkanna. 

ill. Coloured blue by Hanstem’s aniline \ lolet. 
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Abciss layer, 92 
Acer seed, 39 ; germination, 43 
Achjenium, 40 
Achromatin, 31 

Aconituf/i, flower, 119, i20(Fig 10) 
Acorn, 43 

Acropetal succession, roots, 43 ; 

leaves, 56; flowers, 133 
Actinomorphic flowers, 1 19 <r/ sef. 
Adhesion, 123, 126 
Adventitious roots, 102 
, h.cidiomycetes, 257 
JCcidium, BcrberuiiSy 257 
Aerotropy, of pollen-tubes, 141 
/ 1 ‘Mulus^ defoliation, 92 ; roots, 97 
A^wuus, 252 

Air-bubbles, 1 1 ; -space in Moss 
capsule, 208, 209 ; -cavities of 
Marc haul ia, 215, 217 
Ake, 122 

Albuminous seeds, 39 et scg., 144 ; 

cells, 161 , 166 
'Alburnum, 79 
Alcohol, as fixative, 5 
Aleurone grains, 152 
A luma, embryo, 1 43 
Allium, seeds, 41 ; germination, 
45; raphides, 116; reserve ma- 
terials, 150 

Almond, sec Amy^dalus 
Ammophila, leaf, ill 
Amphigastria, 214, 215 
Amygdalus, reserve material, 151 
Anatropous ovules, 127, 128, iJOf- 
138 


Androecium, 118 et se</. ; develop- 
ment, 134 
Angiosperms, 38 

Annual rings, 68, 71 , 72 , 159 , 160 
Annular vessels, Heltanihus, 55 ; 
Maize, 104, 105 

Annulus, of Fern, 195 ; of Mush- 
room, 253 

Anther, 119; structure, 136 ; see 
Stamen 

Antheridiophore, 217 
Antheridium, Fern, 197 ; Mavs, 201, 
205 ; Marihautia, 214, 217 ; 
Pellia, 221 ; Polysiphomc, 223, 
226 ; Ftuus, 228, 232 ; Chaia, 
237, 239 ; (E(to;cy>mum, 244 ; 
Vauchena, 245, Eurotium, 
264 ; Pyihium, 269 
Antherozoids, see Spermatozoids 
Antipetalous stamens, 126 
Antijxxlal cells, 138 
Antirrhinum, flower, 1 25 
Ajxrx, of stem, Heltanihus, 56 
(Fig. 2}, Htppurn, 65, Zea, 105, 
Nephrodtum, 188 (Figs, 29, 30) ; 
of root, Hclianthus,^, Zea, 115, 
Nephrodtum, 191 (Fig. 31); of 
prothallus, 197 ; of Manhantia, 
213 ; of Polystphonia, 224 ; of 
ftuus, 228, irai ; of Chara, 238 
Ajiocarpous gynoecuim, \\()ctse^. 
Apophysis, 202, 209 
Apple, see Pyrus 

Aquatic type, of Dicotyledon, 64 ; 
of Monocotyledon, 108 
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Aqueous tissue, 1 10, ill, 112 
Arachts, 152, 153 
Arlxireous type, of Dicotyledon, 
67 ; of Monocotyledon, 108 
Archegoniophore, 218 
Archegonium, Pinus, 170 ; Nepkto- 
dium, 197, 198 ; Moss, 206; 
Marchantia^ 214, 219 ; Pdha^ 
222 

Archespruim, 208 
Arm-parenchyma, 164 
Artichoke, see Hclianihus tubemus 
Ascogonium, 264 
Ascomycetes, 262 
Ascophyllum, 223, 225 
Ascospores, 265 
Ascus, 265 
Ash, 92 

Asparaf^us, anatomy of stem, 105 
Astrantia, flower, 123 
Avens, see Getm 
Axile placentation, 124, 130 
Azygospores, 273 


Barberry, 258, 260 
Bark, 79 
Basidia, 256 , 259 
Basidiomycetes, 252 
Bast, see Phloem 

Bean, 38; germination, 48 , 98 ; 
structure 0? root, 96 , root ajiex, 
101 ; reserve materials, 153 
Begonia, crystals, 82 
Bertolktia, 1 52 

Bicollateral vascular bundles, 6l 
Bird-cherry, see Primus 
Boletus, 272 

Bordered pits, 188 , 160 , 187 
Bracken, see Ptens 
Bracteoles, 1 19 

Bracts, 123, 126, \i%etseq., 133 
Brassica, reserve material, 149 
Hryophyta, 201 

Bud, of Hehanthus, 56; of Hip- 
puris, 65 ; -scales, 67 
Bulb, 150 

Buttercup, see Ranunculus 


Caicium oxalate crystals, 69, 81 , 

116 

Callus, 54, 62 

Cnltha, flower, 1 19; stamen, 136, 
carpel, 137; development of 
endosperm, 144 

Calyptra, of nxit, 99; of Moss, 
202, 207 ; of Liverwort, 220 , 
222 

Calyptrogen, 116 

Calyx, 118 et seq. ; development 
of, 134; 135 

Cambium, Hehanthm^ 52, 55 ; 
Ricinus, 60; Tiha, 68, 71, 73, 
76 (Kig. 5) : Ptnus, 157, et seq. 
Campion, see Lythms 
Campylotropous ovules, 120, 122, 
142 

Canal cell, Pinus, 170 ; Nephro- 
dium, 198 ; Moss, 2<^ ; Mar- 
chant ia, 219 
Cane-sugar, 150 
Catina, leucoplasls, 147 
Capsella, develojiment of embryo, 
141 

Capsule, Polytrlchuni, 195, 208 , 
909 ; bunaria, 212 ; Marchantuu 
220 ; Pellia, 222 

Cardttus, floral diagram, 126 (Fig 
21) 

Carina, 122 

Cariicl, structure of, 137 ; sec G) n- 
oecium 

Carjwpores, 226 
Carrot, see Daucus 
Caruncle, 39 
Castor oil, see Ruin us 
Caulinc vascular bundles, 107 
Cell, division of, 80 , 250 
Cell-wall, formation of, 31 
Cellulose, reactions of, 26 ; as ri 
serve material. 151 
Central cells, of Potysiphonia, 224' 
225 

Central placentation, 121, 126 
Centrifugal xylem, 51 
Centri|ietal xlyem, 94 
Ceric acid, 28 
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Chalk glands, 91 
Characese, 236 
Chetranthus, flower, 120 
Chemiotaxy, of pollen tul>es, 141 
Chlorophyll, 33 

Chloroplasts, in Primula^ 19 ; in 
Sptrogyra^ 20 ; in prothallus, 22, 
38 *, included starch, 90 ; of Sda- 
giitella, 176 

Chlor-zinc-iodine, preparation, 2 , 
reaction on cellulose, 27 ; on lig- 
nin, 28 ; on cork, 28 ; on starch, 

32 

Chromatin, 31 
Chromatophores, 233, 243 
Chromoplasts, 136 
Chromosomes, 31 
Chrysanihemwn, flower, 128, 135 
Circulition of protoplasm, 25 
Clearing preparations, 34 
Cohesion, 121, 126 
Coleorlnza, 41, 116 
Collenchyma, Heltan(hu\, 47, 50, 
53 ; Cucunm, 61 j 7 tlia, 68 
Columella, of Moss, 208, 209 ; of 
Muior^ 271 
Column, 130 

Companion-cells, 82 , 82 , 71, 76, 104 
Conceptacle, 228 
Confervoidcte, 242 
Conidia, 262, 263, 265, 269 
Conidiophores, 262, 263, 266, 269 
C'lnjugatae, 249 
Conjugation, 251 

Conjunctive tissue, Uehanthu^^ 48, 
52 ; Bean, 94 ; Kannntulus, 96 ; 
Pmus, 164, 165 ; Selaginella, 176 
Connective, 136 

Continuity of protoplasm, 63, 146 ; 

in Polystphouia, 225 
Convallarta, flower, 130 
Cork, reactions of, 28 ; in stem, 
79 , 107 ; in rt«)l, 97, 149, 166 ; 
of leaf-scar, 92 ; cambium, see 
I’hellogen 
Conn, 146 

Corolla, 1 18 d wj, ; development 
of, 134 ; structure of, 135 "* 


Cortex, of stem, 47, 80 , 88, 60 ei 
stq , 108 , 105, 107, 156, 178 ; of 
root, 94, 95, 1 14, 190 ; (A Fiicusy 
230 ; of Chara, 287 , 288 ; see 
Penblem 
Cotton wool, 26 

Cotyledon, 38 et seq. ; Bean, 93 ; 
Pimis, 17 1 ; origin of, 143 ; as 
storage tissue, 15 1 
Crassulaceie, 91 
Cr attests ^ flower, 1 23 
Cress, 267 

CrtKus, reserve materials of, 146 
Crystalloids, 146 , 158 
Crystals, 253 ; calcium oxalate, 81 , 
161 ; raphides, 116 ; proteid, 85 ; 
sphere-, 84 

Cucumber, see Cmumts 
Cuticle, 49, 89 , 103, 156, 164 , 175, 
203, 224 

Cuticulansed layers, 89 , 164 
Cyathium, 128 
Cyme, 118 d scq. 

Cystocarps, 223, 226 
Cyttsusy wood, 79; flower, 121, 
122 {Fig. 13) 

Dahlia^ reserve materials, 148 
Damping off, 267 
Dandelion, see Taia^aiuni 
Date, 27, 42 ; reserve materials, 

Datura, 141 

Damns, reserve materials, 149 
Dead-nettle, see Lamtum 
Defoliation, see Leaf- scar 
Dermatogen, 88 , 66, 99, 116, 143 
Dcsihatnpsia, leaf, in 
Desnu^jen, 58 
Diaphragm, 66 
Diarch xylem strand, 191 
Dicotyledon, seed, 38; gerniina- 
lion, 42 ; vegetative organs, 45 ; 
aquatic tyjie, 64 ; arlxireous tyjx-, 
67; leaf, 86; root, 93; flower, 
118 , 182 d H’</. ; embryo, 141 
I >idynamous stamens, 124, 125 
Digestive sac of mots, 95 
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Digitalis, flower, 125 ; fertilization 
of, 141 

Dimorphic flowers, 126 
Dioecious flowers, 121 et seq. 
Division, cell-, 30 , 250 ; of chloro- 
plasts, 33 

Dracfsna, stem, 106 
Drawing from microscope, 15 
Drupe, 1 51 
Duramen, 79 


Ebony, 79 
Ectoplasm, 247 
F'gg-cell, see Ovum 
Elaters, 218, 220 , 222 
Elder, nuclei in, 30 
Elm, wood of, 79 
Elodea, 25 ; stem, 108 
Elymus, leaf, iii 
Embedding, 8 

Embryo, Angiosperm, 38 el seq ; 
Pinus, iqoetseq . ; -sac, 138 , 142, 
144 , 169 (see Megasiwre); de- 
velopment of, 14 1 
Embryonic cell, 142 
Emergences, 50, 53 
Endarch protoxylem, 61, 64, 193 
Endodermis, in Angiosperms, 48, 
50, 60 et seq., 68, 94 , 114 ; 
Pinus, 164, 165 ; Seiaginella, 
175 ; Fern, 186, 187 , 191 
Endoplasm, 247 

Endosperm, 39 et seq. \ of Date, 
151 ; of Kictnus, 152 ; develop- 
ment of, 144 ; of Sirychnos, 145 ; 
of Pinus, 170 

Endospore, 178, 258, 260, 273 
Epicalyx, 122 

Epidermis, 60, 61, 65, 103, 109, 
175 ; ffeliatUkus, 49 , 53 ; Ligus- 
irum, 88; Holly, Pinus, 
163, 164; Fern, 184 , 193; Mar- 
chantia, 214, 215 ; Moss capsule, 
208 ; see Dermat(^en 
Epigcan germination, 43 
Epiphragm, 202, 209 
Epispore, 273 


Epithelium, of scutellum, 44; of 
resin passage, 50, 156 
Epithema, 91 

Eryngium, floral diagram, 1 23 
(Fig. 16) 

Euphorbia, latex, 84 ; proteid crys- 
tals, 85 ; flower, 128 (Fig. 22) 
Eurotium, 262 

Exalbuminoiis seeds, 38 et seq. 
Exarch protoxylem, 94, 191 
Exodermis, 95, 97, 1 14 
Exospore, 178, 195, 258, 260 
Extine, 233, 234 

Female cones, of Pwus, 168 
Fern, prothallus, 21, 33; sec Ne- 
phrodium and Plcrts 
Fertilization, 140 ; in Fuats, 234 
Festuca, leaf, in * 

Fibres, xylem-, 51, 56 
Figwort, see Scrophulana 
Filameni, 119, 167 
Filicinea*, 180 
Fixing, 4 
Floridea*, 223 

P'lower, morphology of, 118 e! 
seq ; development of, 132 ; fer- 
tilization, 140 ; of Pinus, 1C7 
Follicle, 1 19, 120 
Foot, 179, 200 

Free central jilacentation, 126 
hrittllaria, embr)i), 144 
Fruits, Dicotyledon, 39 ; Mom* 
cotyledon, 40 ; germination, 42, 
reserve materials, 150 
Fuchsia, water stomata, 90 
Fucus, 227 
Funaria, 206, 811 
Fungi, 252 
Funiculus, 138 

Galanthus, flower, 130 
Gametangia, 245, 246 
Gamete.s, 272 

Gametophytc, of Selayinella, 178; 
of Nephrodium, 196 ; of Po(y 
trichum, 202 ; of Funaria, 20O i 
tii Afarchanlta, 213 
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Gemnioe, 213, 216 
Generative cell of pollen, 139 
Geranium, petals of, 135 
Germination, in Dicotyledons, 42 , 
45 ; in Monocotyledons, 44, 102 ; 
of 171 ; hypogean and 

epigean, 43 ; of pollen-grains, 189 , 
141 ; of macrospore, 178; of 
gemmae, 216 ; ofsjxires, 196, 210, 
258, 260 ; of gonidia, 263 
Geum^ flower, 122 
G;lls, of MushrcKim, 253, 255 
Glands, marginal, 90 ; chalk, 91 ; 

nectary, 118 c/ w/. 

Glandular hairs, 89, 184, 194, 195 
Globoid, 152 
Glume, 131 

Grape, sugar, 149 (t seq. \ see Vitn 
Grass, flower, 131 (hig. 27} 
Guard-cells, see Stomata 
Clymnosperms, 154 
Gyncecium, 119 e/ w/. ; develop- 
ment of, 134 
Gynophore, 123 

Hairs, 19 , 49, 87, 109 ; origin, 58 ; 
scale-, 65 ; glandular-, 89, 184 ; 
root-, 43, 94 
Hardening, 4 
Hawthorn, see Cratapts 
Head-cell, 240 
Heart wood, 79 
Hedera, leaf, 89 

liehanthus atwuia, vegetative 
organs, 45 et seq. ; leaf, 86 ; ajX'x 
of root, 98; flower, 126; fruit, 
40 , 152 ; germination, 42 
liehanthus tuberosw:, apical bud, 
59 ; reserve material, 147 
Hepaticoe, 213 

Heraclewn, fruit, 40; flower, 123 
Herliaceous type, of Dicotyledon, 
45 ; of Monocotyledon, 103 
Hermaphrodite flowers, 119, 120 
Heteroecism, 260 

Hilum, of starch grains, 17, 81 ; of 
^ed, 38, 39 

Hippuris^ stem, 64 j apex, 65 


Holly, sec Ilex 
Ilomf^amy, 120, 1 25, 126 
Horse-chestnut, see A'.scuhis 
Hyacinth, nuclei in, 30; leaf, 112; 
root, 115 ; raphides, 116: flower, 
139 ; pollen-tubes, 189 , 141 
Hydroehans, 25 
Hydrom, 202, 203 
Hymenium, 253, 265 , 259 
Hyphie, 252 et seq., 259, 268, 272 
Hypocotyl, 42, 43, 93 ; anatomy of, 
47 

Hypodenna, 90, 164 
Hypi^ean germination, 43, 44 
Hypogyny, iiS et seq 
Hypophysis, 143 

//ex, leaf, 89 

Included starch grains, 90 
Indusium, 180, 195 
Inflorescence, 118 et seq. ; of Heli- 
anthus, 132 

Integument of ovule, 134, 188 , 169 , 
170 

Intercalary grow ih of CF.dopjtuutn, 

243 

Intercellular spaces, 50, 64, 66 ; in 
medullary rays, 16 1, 162 ; in Fern, 
185 ; in Selagtnella, 175, 177 ; m 
Moss, 203, 207, 208, 209 ; m 
Manhantia, 215 
Interfascicular cambium, 60 
Intme, 233, 234 

Inulin, in Taraxacum, 84 ; in Arti- 
choke, 148 

Involucre, of Pellta, 222 
l>ts, leucoplasts, 147 
Irrigation, ii 
I\y, see Hedeia 

Labriium, 130 
Ijiburnum, see Cytisus 
I^cunse, m cortex, 65, 175, 177 
lamella?, of Moss leaf, 204, 205 ; 

of Mushroom, 253, 255 
I,amina anatomy of, 87, 109, 193 
Lamitm, flower, 125 (Fig. 19) 
Lateral roots, 93 ; origin of, 96 
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Latex, 83 

Laliciferous vessels, 83 ; cells, 84 
Leaf, traces, 47, 182 ; origin of, 58 , 
66, 188 ; of Dicotyledon, 86 ; of 
Monocotyledon, 109 ; of Pnms, 
163; of Sela(^incUa^ 176; of 
Fern, 193; of Moss, 204, 211; 
-scars, 91 ; -sheath, 102; -gap, 182 
Leguminosae, root tubercules, 95 
Lenticels, 67, 79, 81 
Leptdiuni, 267 
Leplom, 203 
Leucoplasts, 147 
Ligule, 102; of Selagmella^ 173 
Ligustrim^ leaf, 87 
Lilac, see Syrntpa 
Lihunt, stomata, 112 ; flow er, 130 
Lime, see Ttlta 

Limiting layer of Fmus, 219, 230 

Zt/wna, flower, 124 (Fig 18) 

Ltnum, 29, 100 

Lodicules, 132 

Ixigwood, 79 

Lo/nm, flower, 130 

London Pride, see Saxtfmga 

Lupinusy reserve material, 151, 153 

Lyt/ints, flower, 12 1 

Ly copod me®, 173 

Maize, see Zea 
Male Fern, see Nephrodiwn 
Mamilmum, 240 
Alarchanha, 2 13 
Mane’s-tail, see Hippuris 
Marginal placentaiion, 1 ig 
Marsh Mangold, see Ca/Ma 
Measurement of objects, 1 5 
Medulla, of Fucus, 229, 230 ; see 
Pith 

Medullary rays, of Helianihus, 48, 
82 ; of Tiha, 71, 72 , 74 ; of 
Ptnusy 157, 100, 161 
Megasporangium, Pinus, 109 ; Sela- 
ginellUy 174, 178 ; see Ovule 
Megaspores, 169, 178 
Mencarp, 39, 40 

Meristematic tissue, 67 ; ring of 
DmatWy 107 


Mcsarch protoxylcm, 186 
Mesophyll, 88, no, 164, 194 
Mfpilus, floral diagram, 12^ (Fig. 

15) ' 

Metaphlocm, 1 86 
Metaxylem, 51 
Micrometer, 15 

Micropyle, 38, 138 , 169 ; of bean, 

3 « 

Microscojic, use of, 13 ; draw'ing 
from, 15 

Microsporangium, PinuSy 108 ; ^el0~ 
IghuUa, 174, 177 ; see Pollen-sac 
Microspores, 168, 177 
Middle lamella, 53 
MimuluSy flower, 125 
Monadelphous stamen-s, 122 
Monarch xylem strand, 176 
Monkshood, see Acorn! im 
Monocotyledon, seed, 40 ; germina- 
tion, 44 ; vegetative organs, 103 ; 
arlwreous type, 106 ; aipiatic 
tyi>e, 108; leaf, 109 ; root, 1 14. 
flower, 129; development of 
embryo, 143 
Mould, 262, 270 
Mounting, 9, 36 ; in water, 18 
Mucilage, reactions of, 29 ; walK, 
68, 117 
Mucor, 270 
Muconnea;, 270 
Musci, 201 
Mushroom, 252 
Mycelium, 252, 257, 259, 262 


Narcissus, stomata, 113 
Neck of archegoimim, 170, 1 98, 
199 , 206 , 219 
Nectar)’, 1 18 \eip 
Nephrodtum, vegetative organs, 
180; stem apex, 188 (Fig. 29': 
root apex, ic^ (Fig. 30) ; le.d> 
193 ; sjxirangia, 194 ; prothallus, 
196 ; voung plant, 199 
Neuter flowers, 1 27 
New Z<*alanil flax, .see Phormiim 
Nttella, 24, 236 
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Nucellus, 1 S 8 , 169, 170 
Nucleolus, 19, 21, 22, 138 
■Nucleus, 19, 20, 22 , 29 , di\ision of, 
30 , 250 ; of eml)ryo-s.ic, 1 38, 144 , 
of poilen-grain, 139 
iacules, 240 

i)AK, wood of, 79 
CEdogonnm^ 242 

Oil, almond, 151 ; castor, 152; 

-globules, 246 
Oaion, see All turn 
Oogonium, of 233 , 234 ; 

Chara, 237, 240 ; (Edo!;^omumy 
243; Vaiichena, 246 ; Pylhium, 

, 269 

Oophyte, see Gametophyte 
Oosphere, see Ovum 
Oospore, CEdogonium, 244 ; Van- 
chtna, 246 ; Pythiun, 269 
Operculum, 202, 209 
Orchis, flower, 130 (Fig. 26) 
Omtihogalum, floral diagram, 130 

(Fig- 25) 

Osmotic properties of cell, 23 

Jstiole, 226, 228, 232 

Ovule, 1 19 etseq. \ structure of, 187 ; 

, of Pinus, 169, 170; fertilization 
of, 140 ; see Megasjiorangium 
Ovuliferous scales, 168 et seq. 

Ovum, Angiosperm, 138; Gymno- 
sperm, 170; Fern, 199; Moss, 
206; ManhanUa, 219; Bums, 
233, 234 ; Chara, 240 ; Vaucheria, 
246 ; Pyihttm, 269 
Ox-eye Daisy, see Chrysanlkmum 
Ozothaha, 223 

,Pale>e, of grass, 131; of Fern, 180, 
184 

^ ahssade, parenchyma, 88, 89 
Palm, vascular system, 106 ; endo- 
sperm, 14S, 151 
Pappus, 128 

Paraphyses, 205 ; of Agaricus, 256 
Parietal placentation, 120 et seq. 
Pea, see Pisum 
Pelargonium, petals, 135 


Pellia, 221 
Penn lilt urn, 265 
Perianth, 128 et seq. 

Periblem, 58, 66, 99, 116, 143 
Pericarp, 40 et seq , 150 
Pericentral cells, 224, 225 
Pencycle, in stem, 48, 83 , 54, 61, 
65, 68; in roots, 94, 96, 114 , 165 ; 
of Selagiuella, 175 ; of Fern, 186 , 
187, 191 
Penderm, 79 
Peridium, 259 
Perigonial leaves, 205 
Perigynium, 220 
Perigj'ny, 122 
Peristome, 202, 900 , 212 
Perithecia, 264, 265 
Permanent mounting, 36 
Peronosporea', 267 
Petals, see Corolla 
Petiole, anatomy of, 86, 193 
Petunia, floral diagram, 1 24 ( Fig 1 7) 
Phaeophyceoc, 227 
Phajus, leucoplasts, 147 
Phanerogams, 38 
Phaseolus, root, icx) 

Phelloderin, 80 
Phellr^en, 80 

Phloem, Hehanthus, 51 , 54 ; 

Cucumis, 61 ; I'eromca, 64 ; Hif- 
puns, 65 ; Ttha, 68 et seq ; 
Maize, 104, 105 ; Pinus, 161 , 162 ; 
Selaginella, 175, 176; Fern, 186 ; 
of roots, 94, 96, 114, 165, 191; 
Taraxacum root, 83 ; differentia- 
tion of, 78 

Phloem-parenchyma, see Phloem 
Pha'Htx, .seed, 42 
Phormium, leaf, ill 
Phytophthora, 269 
Pileus, 253 

Piliferous layer, 94, 1 14, 165, 190 ; 

origin of, 09 , 116 , 190 
Pinus, vegetative organs, 154; leaf, 
163 ; root, 165 ; reproductive or- 
gans, 167; seed, 1 71 
Ptsum, germination, 43; structure of 
root, 93, 96; apex of root, loi 
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Pith of stem, 52 , 56, 61, 64, 68, 
158 ; of root, 94, 96, 1 14 
Pits, 53 ; bordered, 156 , 180 , 187 
Pitted vessels, 55, 74, 104, 105 
Placenta, of Nephrodum, 195 
Placentation, 1 19 seq. 

Plasmolysis, 23 , 24 
IMerome, 66, 99, 115, 143 
Plumule, 88 tiuq.y 93; origin of, 
143 ; of Ptnus, 172 
Pollen, 119^/ seq.y 186 , 168 ; ger- 
mination of, 139 ; see Microspores 
Pollen -sac, structure of, 188 , IM 
Pollen-tubes, 189 , 140 , 170 
Pollination, w^et seq.^ 170 
Pollinium, 130 
Polyembryony of Pinm^ 171 
Polygonum, lOO 
Polystphonta, 223 
Polytri(kum, 201 
Poplar, fall of leaf, 92 
Potato, starch, 16; morphol.^jy of, 
148 ; flower, 124; leucoplasts in, 
147 ; -fungus, 269 
Preservation of material, 4 
Primrose (Primula), hairs, 18; 

flower, 125, 126 (Fig. 20) 
Principal medullary rays, 71 
Privet, see Ltgmtrum 
Proembryo, 240 
Promycelium, 258 
Protandry, ligeiseq. 

Proteid crystalloids, 85, 148 , 153 
Prothallus, of Fern, 21 ; of Sela- 
ginella, 178 ; of Nephrodtum, 196 
Protogyny, 125 
Protonema, 210 

Protophloem, of Maize, 104 ; of 
IHeris, 186, 191 

Pjotoplasm, movements of, 24 ; re- 
actioni t;^ 29 ; continuity of, 63,148 
Protoxyl^ in stem, 5 1, §6, 104* 
157; it root, 94, 191 ; in Sela- 
ginella, 176 ; in Pteris, 186 ; see 
Xylem 

Prunus, flower, 122 (Fig. 14) 
Pteridophyta, 173 
Pteris, stem, 1 85 


Ptucinia, 257 
Pyrenoids, 20, 243, 250 
Pyrus, flower, 1 23 
Pythium, 26"] 


Raceme, iiqef stq. 

Radicle, 38 et ceq. ; origin of, 143 ; 

of Ptnus, 171 
Ramenta, 180, 184 
Kammculus, root, 95; flower, 1 18^ 
(Fig- 9 ) 

Raphe, 138 
Raphides, 116 
Razor, treatment of, 7 
Reagents, 2, and Appendix A 
Receptacle, floral, 118, 122 
Reserve materials, 146 
Resin passages, 48, 50 ; of Pinus,, 
156 et seq. 

Resupinate flower, 130 
Reticulate vessels, 55 
Rhiroids, 201, 210, 215, 239, 245 
Rhizophores, 173, 176 
Phododendrou, fertilization of, 140 
Kicwus, scc<l, 39, 152 ; germina- 
tion, 43 ; anatomy of stem, 60 
Root, Dicotyledon, 93 ; Monocoty- 
ledon, 114; Pintis, 165; Fern. 
190; apex of, 98 (Fig. 7), 115. 
191 (Fig. 31); tul)erous, 148, 149 
Root -cap, 99, 116, 192 
Root-hairs, 43, 94 , 165, 190 
Root‘tubcrcules, 95 
Rostellum, 131 

Rotation of protoplasm, 85 , 239 
Pussula, 272 
Rust of wheat, 257 

Sahx, flower, 129 (Figs. 23, 24) 
Sallow, see Sahx 
Samara, 39 
Sap-wood, 79 
Saxi/raga, chalk glands, 91 
Scale-leaves, Potato, 146 ; Arti- 
choke, 147; Pinus, 154, 167; 
bract-, 169 
Scalariform pits, 187 
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Scar ol leaf, 91 
Scluzocai]', 40 

Schultz’s macerating fluid, 28 
Schultz’s srflulion, see (.'hhu-zinc- 
loduie 

Scilla, see H jacinth 
Sclerenchyma, pencj clic, 63 , 54 ; 
medullary, 114; ui ground-tissue, 
104, 185 ; in leaf, no ei '•eq , of 
Moss, 204, 207 
Scrophula) ta, 124 
Scutellum, 41, 44 

Secondary thickening, of stems, 52, 
60 , 68, 76 , 156 et u\j ; of roots, 

' 96, 97, 165; of Monocotjledon, 

' io() v» of Dahlia, Carrot, and IJeet, 
149 

Seed, of Dicotyledon, 38 ; of Mono- 
culjledon, 40; of 169, 

171 ; reserve n1ater1.1l in, 150 
, Selagtmlla. sporophjtc, 173 ; game- 
tophyle, 178 , 

Sepals, see Calyx 
Seta, 202, 220, 222 
Shield Fern, see Nepht odium 
Sieve-plates, sec Sievc-tuhes 
Sieve-tuhes, of Ilehanthus, 52, 64 ; 
of Cudimis, 62 ; of /’//iu, 73 , 75 ; 
of M.uze, 104, 105 ; of 
161, 163; oU'fmy, 186 , 187 
Stlene, floial diagram, 121 (Fig r2l 
Siphoneie. 245 

flower, 124; tulier, 146 
Soru’s, 194 

Spawn of mushroom, 252 
S|fermagonia, 258, 289 , 260 
Spermatia, 260 

S|>erniatocytes, Fern, 197 , 199 ; of 
Moss, 205 ; Manhautia, 217 
Spermaloroids, Fern, 197 , 199 ; 

Moss, 2P5, 206 ; Manhantia^ 

I 220 ; Fuetd, 233, 234; Chara, 
239; (Edoponium, 244; I'au- 
efteria, 246 

Sphere-crystals, of Inulin, 84, 14S 
Spike, 131 

Spiral vessels, in IlcHauthd, 55 ; 
in 7 / 7 /fl, 74 ; 111 Maize, 105 


Spvogyra, 20, 249 
Spongy parenchyma, see Mesophjll 
Sporangiophorc, 270 
Sporangium, SvIac^nieHa, 174, 177 ; 
Neph) odium, 194 ; piiuoi, 270; 
see Megasporangium, and \Iuro- 
spomngmm 

Spore-sac, of Moss 208 
Spores, 1 -crn, 195, Xfoss, 210 ; 
MaTi/uintia, 220; Pelha, 222 i,* 
Agartfus, 254, 256: J’ndio- 
spores, 259, 260: Puhumi. 

268 : Mucor, 271 
S|)oridiuni, 258 
Sporodima, 271 

Sporogonmm, of Moss, 207 , Livai- 
wort, 220, see Sporophjlc 
S|x>ioph)tc, of Sela'^ntel/a, 173 . of 
Fern, 180, 199; of Moss, . 207 , 
211 ; of Mauhantia, 214, 220; 
of PtUni, 122 
Spring-wood, 72 
Spurge, see Euphorbia 
Staining, 34 

Stamen, structure cf, 136 ; of 
167 , see Andrreciuni 
Slaminodes, 124 

Starch, 16, 81 , 84 ; in chloiopl ists, 
90; in leucoplast.s, 147; as le- 
serve material, 44, 146 ti oy. 
Starch sheath, see Kndt'dermis 
Stele, in stem of Angiosperm, 48. 
61 , 60, 61, 64, 68, 68, 108 ; stem 
of Pinm, 156, steal of Seta- 
gimlia, 175; of Pern, 182; in 
roots, 94, 96, 165; in jietiole ol 
Fern, 193; origin of, 99, 115 
Stellana, flower, 121 ; fertilization 
in, 140, 141 

Stem, Hehanthm, 45; Khiuth. 
60; 61 ; Fmw/iii, 64 

Hippfgrh, 64 : 7 j|b, 67 ; '/.ea. 
103; Draacna, 106 ; Elodea, 
108 ; /Ym/jr, 155 ; Selagmella, 
174 ; Fern, 18 r, 185 ; Moss, 202, 
21 1 ; tubeious, 146 c/ ov/. : apex 
of, i;6 (Fig. 2), 105, 18S (Figs 

29, 30) 
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Jtengmata, 256, 260, 263 
Stigma, iige/se§f ; structwre of, 140 
Stipe, 253 

Stipules, 67 ; of Chara, 238 
Stitchwort, lee Stellana 
Stomata, of Hehanthus^ 86, 87 ; of 
Ligustrwn, 89 ; of Zea, 103, 
110 ; of Hyacinth, 112 ; of Pinus, 
164 ; of Fern, 194 ; of Moss, 
209 ; of Man/iantia, 213, 215 ; 
water-, 90 ; mechanism of, 112 
Stone- Wort, 236 

Stratificationi of cell walls, 29, 50, 
58 ; of starch-grams, 31 
Stnation of cell wall, 160 
Strobilus, of Selagmella^ 174; see 
Cone 

Strychnos, endosperm, 145 
StylCj 119 ct seq. ; structure of, 140 
Subhymenial layer, 255 
Subsidiary cells, 103, in 
Sugar, grape-, 1 49, 150; cane-, 150 
Sunflower, see Heliauthus annuus 
Susjiensor, 142, 143 ; of 
17 1 ; of Sporodimay 272 
Sycamore, seed, 39 ; gennination 
of, 43 ; root, 97 

Syncarpous gynoecium, 120 e( seq, 
Synergidw. 138 
Syngenesious stamens, 1 27 
Syrtnga, apical buds, 59 
Syzygites, 272 

TapetusII^ anther, 137 ; of ovule, 
* 39 ; mSelannellay 177 
Taraxaattd, latex vessels, 83 ; 

Inulin, 84 ; flower of, 128 
Teleutospores, 258, 261 
Testa, yjet seq, y 1 50 
Tetradynamous stamens, 120 
TetrasporeS|j23, 325 
Thallophytal!!b3 

I'hallus, of Marchan^ 214 ; of 
Pelha, 121 ; ' of Polysiphonia, 
223 ; of FucuSy 227 
Theca, 202 

Thickening ■kA'^Fucus stem, 230 ; 
see Secondary thickening 


Thyloses, 51, 56, 61 
Ttlia, anatomy of stem, 67 ; leaf 
scar, 91 
Torus, 158 
Trabecule, 175 
Trachex, 74 

Tracheidal cells, 161 , 166 
Tracheidcs, Ttluty 74 ; Maize, 104 ; 
Pntus, 158 et ovy , Selagtnclla, 
176 ; Pteris, 186 , 187 
Tradescantiay 25 
Trama, 255 
Transfusion tissue, 165 
Transitqty materials, 146 
Tpiiuum, fruit, 41 , germination. 
45 

Tuber, Potato, 146 ; Artichoke, 147 
Dahlia, 148 
Tubeicules, root-, 95 
Tulip, petals of, 135 
1'umip, see Brasstca 


Ulmusy see Elm 
Umliel, 123 
Uredospores, 260 

Vacuole, 19, 30, 59 
V^nula, 202, 207 
Vallistuna, 25 

Vascular bundles, of Dicotyledon, 
46, 48 , 51, Cl, 88 ; of Monoco- 
tyledon, 103 et seq.p iio»; of 
/V 156, 165 ; of Fern leaf, 
194 ; sec Desme^jen 
Vascular conjunctive tissue, see 
Conjunctive tissue 
Vascular ring, of lerom'ca, 64 
Vascular strand, of Moss, 202, 204, 
207 

Vmckeriay 245 
Vegetative cell of pollen, 139 
Velum, 253 

Ventral canal cell, of Pirns, 170, 
of Nepkrodium, 198 ; of Moss, 
206 ; pf ManhanUa, 2 19 
Veronica, anatomy of stem, 64 . 
flower, 185 (Fig. 18) 





